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Abstract 
Developing a Methodical Approach for the Systematic Identification of 
Innovative Technological Applications – Based On Mixed Reality in Manual Order 
Picking 
Markus Friedrich Ehmann 
 
 
The need to be economically successful is the key driver for companies to be 
innovative and implement new technologies with increasing efficiency and 
effectiveness (Klein & Stumpp, 2007). Uncertainty about whether to use new 
technologies and missing knowledge about their advantages lead to staggering and 
withholding from fast diffusion of innovations (Moore, 1999), (Rogers, 2003). Focusing 
on the industry of logistics and the technology Mixed Reality, this research project 
developed a methodical approach for evaluating the fitness of an innovative technology 
and a specific process of application. 
A mixed methods approach was derived, based on interviews and experiments. The 
main methodologies used, were semi-structured interviews with decision makers in 
logistics companies to elaborate triggering criteria in the investment process and 
laboratory experiments for the evaluation of competing technologies. These methods 
were framed by an initial field experiment and feedback interviews after the analysis for 
the validation of the approach. 
The research proved the competitively viable applicability of Mixed Reality and its 
specific strengths and weaknesses in manual order picking. This set the foundation for 
possible further development and implementation of the technology. The developed 
methodological approach proved to be a valid and reliable assessment of the 
intersection between a technology and specified process of application. This could 
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greatly enhance the speed of implementing new innovations and gaining competitive 
advantages for companies. 
 
The research provides four contributions to the present knowledge. The main and 
major contribution is based in the field of innovations management. A new framework 
is derived to evaluate the suitability of an innovative technology for an existing process. 
It offers an assessment of the strengths and weaknesses of technologies within the 
area of application and a conclusive recommendation for or against further 
implementation. 
The framework consists of finding the determining criteria for a technological and 
economic useful implementation and the evaluation of existing and pending 
technologies within the found criteria. 
 
The minor contributions to the present knowledge are, in their corresponding areas 
of research: 
 Logistics, Order Picking: Current technologies for manual order picking are 
evaluated according to procedural and entrepreneurial requirements of the 
industry. The results of the evaluation offer a clear advice of what technology 
to use at the moment for a specific company or process. Furthermore the 
applied methodological approach can be reused if determining criteria for the 
evaluation change or new technologies emerge. 
 Mixed Reality: The process of order picking is identified and evaluated 
positively as an appropriate field for the serial application of Mixed Reality 
and as a market beyond prototypal implementation. The results of the 
research approve the fitness from both, technological and economic criteria. 
 Methodological Approach: Qualitative and quantitative methodologies, 
namely interviews and experiments, were combined in a mixed-methods-
Abstract 
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approach. The approach incorporates four steps of alternating qualitative and 
quantitative methodologies. This offers unprecedented validity and reliability 
for the results of the methodological approach. 
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'There falls a shadow, as T.S. Eliot noted, between the conception and 
the creation. In the annals of innovation, new ideas are only part of the 
equation. Execution is just as important.' 
Walter Isaacson (Isaacson, 2011) 
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1 Introduction and Overview 
Driven by competition, innovation counts as the economic foundation for the 
progression of the modern industrial society. The innovative speed is often determined 
by the fast and efficient implementation of new technologies, yet the investment in the 
wrong technology for an application or the simple hesitation caused by uncertainty 
slows the accomplishment of competitive advantage (Klein & Stumpp, 2007), (Rogers, 
2003). 
The pursuit of gaining advantage over the competition often aspires for innovative 
advantages. The faster and the better the suitability of an innovative technology and its 
specific strengths and weaknesses can be assessed, the more likely the process or 
application can be optimised compared to competing applications (Resch, 2006). 
This assessment or evaluation however, proved to be a gap in the current state of 
research. The latest models in innovations management offered no approach so far. 
The thesis addresses this problematic of coping with the evaluation of the fitness of 
new, innovative technologies and a specific process of application. A methodological 
approach was derived to evaluate the suitability at the moment of conduct as well as 
the strengths and weaknesses to address the possibilities of further development of a 
technology. This provides the decision maker with a fast statement on whether to 
invest in a specific technology and how to apply it. 
For the testing of the approach and the methodology a specific industry and 
technology was chosen. The process of manual order picking in warehousing and 
logistics experienced several evolutionary adaptations with technologies ranging from 
simple paper list, over mobile computers on the voice assisted guidance. At the start of 
the research, a new technology was proclaimed to be the next evolutionary step in 
assisting these consignment systems. The use of Mixed or Augmented Reality was 
applied in some prototypes. Yet the step for industrial application was missing. One of 
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the reasons was the lack of a useful concept for the identification and analysis of the 
optimal implementation of new technologies in the beginning when the influence on the 
development is still high. The question was how this gap could be filled. Which 
approach had to be undertaken in order to use the potential for optimisation 
methodically and effectively in the early stages of a technological implementation, so 
as to make the most of the still high influence on the further development? 
This industry and technology therefore served as the plausible proof of concept for 
the derived methodological approach of the research. 
Mixed Reality1 is the latest technology to be applied to order picking by enhancing 
the optical sense with computer generated information in real time (Azuma, 1997). 
Several universities (Günthner, et al., 2009) and institutes (Tümler, et al., 2009) 
(Ehmann, 2008) already were on the point of launching their prototypes. The 
technological solutions so far had been analyzed and categorized according to their 
advantages and disadvantages. As a result, none of the solutions were covering all the 
dimensions performance, cost, flexibility and quality, equally and sufficiently. Two 
research projects were already conducted with trial MR-systems for order picking. 
None of them had reached industrial applicability or was implemented as a worthwhile 
investment. The reasons for the missing or unsuccessful implementations were not 
recorded. 
Their methodical approach in coping with the effective implementation served as a 
practical example and the testing of another prototype in experiments at the 
laboratories of the Munich University of Applied Sciences served as an evaluation of 
the derived methodology.  
Once the methodological approach was derived, the single stages of the research 
were conducted in this environment of manual order picking with assistance of MR. 
                                                
 
1 Mixed Reality is a blend of the real environment and virtual objects projected to the user; abbreviated as MR in 
the following 
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The structure of this paper is divided in the ten chapters. Figure 1 is giving an 
overview over the contents of the single segments of the thesis: 
 
Figure 1: Structure of the thesis 
After the introductory chapter the literature in the field of the research is assessed 
critically and served as the epistemological grounding of the research. There are three 
main areas of interest: MR which is the technology to be applied, logistics (especially 
warehousing as the area of application for the technology) and innovations 
management, dealing with the issue of successful implementation of new technological 
innovations. 
The third chapter focuses on the elaboration and description of the aim of the 
research. This describes the research gap in more detail. The open research questions 
1.   Introduction and Overview 
2.   Critical Literature Review 
3.   Description of the Research Aim 
4.   Methodology 
5.   Preliminary Derivations and Testing of MR 
6.   Semi-Structured Interviews 
7.   Laboratory Experiments 
8.   Connecting the Mixed Methods 
9.   Validating the Approach and the Findings 
10. Summary of the Research 
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are formulated and the corresponding objectives are derived. These objectives address 
the overall aim of the research, as well as the necessary steps of achieving the main 
objective of the methodological approach. 
In chapter four, the methodology is presented and discussed. For the general 
conduct, a mixed methods approach was used. The combination of quantitative and 
qualitative methodologies during the distinct stages of the research ensured to cover 
the topic of the research as well in depth as in breadth of the relevant issues. The two 
main methodologies are interviews with authoritarian and budgetary decision makers in 
companies using order picking as one of their core competencies. 
Foregoing the two main methodologies a preliminary field experiment was conducted 
in order to prove the principal applicability of MR. This was presented in chapter five. 
Chapter six addresses the semi-structured interviews. Their focus was to elaborate 
the triggering criteria for or a positive decision for the implementation of a technology. 
This was followed by laboratory experiments in the seventh part of the thesis. They 
were conducted to evaluate the performance of MR and competing technologies in the 
found criteria. 
In part eight, the findings from the interviewing and the experimenting stage are 
combined in order to provide a value benefit analysis of the applicability of MR in 
relation to the other tested technologies. This is extended by the elaboration of the 
specific advantages and disadvantages of the technologies in relation to each other 
and the elaborated set of criteria for manual order picking as the process of application. 
The approach is rounded out by feedback interviews of the results and the approach 
with the decision makers in chapter nine. This was done in order to assess the 
applicability and the validity of the approach. The feedback approved the applicability of 
the approach and the meaning of the found results. 
In chapter ten, the research is summarised. The achievement of the objectives is 
evaluated. The limits of the research of this thesis are discussed as well as potential 
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future directions of research that are based on the findings, are presented. The 
contribution to knowledge is summarised and presented. 
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2 Critical Literature Review 
This chapter gives a short overview over the three main topics of the research field. 
These were MR as the technology to be applied; logistics, especially warehousing as 
the area of implementation; and innovations management, for the existing theories and 
models of handling technological implementations for processes and within 
organisations. 
2.1 Logistics 
The term logistics was initially used for the planning of military troop movements and 
their supplies in the 19th century. Since then, it has developed to the definition of many 
sub and super systems of the materials flow (Arnold, et al., 2008). 
Accordingly, a lot of different aspects could be found that are summarised under the 
roof of the term logistics. These included from managing intercompany processes, like 
supply chain management, to coordinating within the companies, like in warehouses. 
The planning of physical processes was considered as important as the operative 
execution of it. Furthermore, it could also the management of material and 
corresponding flow of information via communication systems (Arnold, et al., 2008). 
Günther and Tempelmeier (2012) simply defined it as coordination of the flow of 
materials and information, aimed at the supply of a production. 
The following sub chapter is giving a critical review over the topics in the field of 
logistics, relevant for the research. These were in particular competition in logistics, 
warehousing and order picking and Mixed Reality assisted consignment systems. 
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2.1.1 Competition in Logistics 
In their study of innovations management, Klein and Stumpp (2007) discussed the 
necessity of implementing innovations from the perspective of the top management. 
They regarded it of strategic importance to consolidate progressions, yet thinking of the 
next steps of improvement was even more critical. They discuss the two different views 
of innovations as being vital in competition of Friedman’s’ “The World is Flat” and 
Florida’s more critical perspective on the role of innovations (Florida, 2002). Klein and 
Stumpp concluded that innovations counted as a differentiating characteristic and 
uniquely sustainable advantage in an increasingly globalised and dynamic 
environment. Supporting this point, Friedman could be quoted with: 
The best companies [...] innovate faster and more cheaply in order to 
grow larger, gain market share, and hire more and different specialists – 
not to save money by firing people.(Friedman, 2006, p. 465) 
Reif and Walch described it more specific that the conditions in the field of logistics 
have changed rapidly over the last years. Customers were demanding more 
individualised products in even shorter delivery time. Production Systems and the 
logistics material and information flow, as well as the workers within these systems, 
had to become ever more flexible, faster and more efficient (Reif & Walch, 2008) Lee et 
al. (2011) even describe it as “cut-throat competition”. According to Gu et al. (2007), 
market competition in production had also arrived in the process provision with parts 
and the distribution of final products, regardless of consumer or investment goods. This 
brought with it new challenges for warehousing such as greater product variety, stricter 
inventory control and shorter response and delivery times. On the other hand, new 
information technologies provided new possibilities. 
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Regardless of the core competencies of a company, Pulverich and Schietinger 
(2009) regard the performance of the logistic processes as a decisive contribution to 
the competitive advantage. 
2.1.2 Warehousing and Order Picking 
Coming from the perspective of Supply Chain Management, the materials movement 
and order handling between companies of different stages in the value chain of 
products was an important intersection. The functionality of information exchange was 
often engaged with interfaces of corresponding information systems. On the level of 
materials flow, the functionality was represented by warehousing and order picking. 
According to Hammer (2012), these intersections offered great potential for cost 
reduction and efficiency projects. This view was supported by several other 
researchers. Order picking could be described as one of the most cost intensive 
processes in distribution centres (ten Hompel, et al., 2011) (de Koster, et al., 2007) 
(Tompkins, et al., 2010) (Pulverich & Schietinger, 2009). 
As reasons were stated that around 75% of the consignment systems are operated 
manually (Wehking & Siepenkort, 2013) (Baumann, et al., 2012), with mainly man-to-
good-systems with way time of around 55% of the total picking time (Pulverich & 
Schietinger, 2009). 
Order Picking was considered a typical logistic service. Even in high wage countries 
of Western Europe it was most of the time a manual process because the human hand 
was a very flexible tool to handle a variety of goods. Order picking was the gathering of 
goods out of a prepared range of items following customer orders (Gudehus & Kotzab, 
2007).  
The German union of engineers defined it more detailed as: 
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'order picking aims to collect partial quantities of goods from a bigger 
total quantity, according to specific orders' (VDI, 1994, p. 2) 
The prepared range of items could relate to storage areas as well as buffer areas (de 
Koster, et al., 2007). As it was no value-added process costs arising from this handling 
of goods were especially in focus to be reduced(Ehmann & Kaiser, 2009, p. 19). 
According to de Koster (2007) it was the most labour-intensive and costly activity and 
was estimated to cause as much as 55% of the warehouses operating expense. 
Other sources broke down the costs of logistics 10 to 25 percent of the turnover, 
depending on industry and competency. Those related again to warehousing and 
distribution costs of 30 to 70 percent and from it again 40 to 70 percent costs of order 
picking. This summed up to a maximum of 50 percent of the costs in logistics (Lolling, 
2003). 
Again other researchers confirmed that due to the high variety of goods in order 
picking applications, machines could not usually replace the human-being with his 
flexibility and fine motor skills(Gudehus & Kotzab, 2007). 
 
Principally order picking methods could be distinguished in manual and automated 
operations. An overview of the possible classifications is given in Figure 2. 
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Figure 2: Classification of order picking systems based on de Koster (2004) 
For de Koster (2004), the principal differentiation was manual or automated picking 
and then the picker to parts or the other way around. Further characteristics were only 
possible for the manual picker to parts configuration. This included article or order 
based picking, zones, synchronisation and other organisational strategies. 
Wehking and Siepenkort (2013) instead categorised every aspect in two possible 
ways of implementing the order picking system. The categories and their 
characteristics were: 
 deployment: man to goods, goods to man 
 movement: one- or two-dimensional 
 picking: manual, automatic 
 releasing: centred, decentred 
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Being part of the supply chain, the process of order collating was still dominated by 
manual operation. This concerned more or less C-parts with a low value2 were the 
need to reduce costs was of great importance and therefore the process has to be kept 
as brief as possible. This was even more important against the background of a 
demand for an increasing number of individual orders. 
Beside the classic pick list, several systems to enhance order collating already 
existed, each with its advantages and disadvantages. The following Table 1 is giving 
an overview. 
 
System Pro Contra 
Barcode-Scanner  flexible 
 additional tasks 
possible 
 hand occupation 
 time-consuming 
navigation 
Pick by Light  fast 
 easy to learn 
 hands free 
 serial order handling 
 expensive installation 
 limited to sections 
Pick by Voice  flexible 
 hands free 
 slow 
 difficult communication 
 
Table 1: Comparison of different consignment systems (Vogt, 1997) (Gudehus, 
2002) 
2.1.3 Using Mixed Reality Assisted Picking 
In addition to the existing technologies that were already used for order picking, 
some research projects concerned the application of Mixed Reality. 
                                                
 
2 C-parts are the parts with the lowest turnover in financial aspects of a company (Ehmann & Kaiser, 
2009). 
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Several institutions and universities worked together in the group ARVIKA (Friedrich, 
2001). One of the members of the research project was the fml – chair for conveyor-
systems, materials flow and logistics at the Technical University of Munich. The fml 
developed and implemented an order picking system based on AR and called it “Pick-
by-Vision”: 
'The order picker wears a head-mounted display (HMD) that visualizes all 
the required data directly in his field of view. Hence, he does not have to 
move his head, which leads to a decrease in dead times caused by looking, 
for example at a mobile data terminal (MDT), or a paper list used in 
conventional storages. In combination with a voice system for data input, 
the application is hands-free and the worker can use both hands for his real 
task.'(Reif, et al., 2010, p. 2) 
The project was successfully finished in 2009. Yet there were no further advances in 
implementing the solution in an industrial environment and there was no demonstrator 
running on a daily basis within any of the partners’ fields of application. The reasons for 
this technically successful, yet not implemented solution remained unclear (Günthner, 
et al., 2009). 
After six years of development of pick by vision it was still a prototype/demonstrator 
at the institute. The current research involved the picking error reduction and process 
integration. As reasons were mentioned that the picking errors stressed the client-
supplier relationship and caused high follow up costs. The demonstrator offered 
intuitive information representation for a better recognition of relevant input and was 
hands free (Galka & Günthner, 2013). 
It has to be stated that the application scenarios and requirements for the use case 
“order picking” of pick by vision were purely technology driven (Günthner, et al., 2009). 
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They did not focus on the process of application via its procedural needs and 
requirements from the users or applying companies. 
This was in strong contrast to Klein and Stumpp (2007), who concluded that 
managing directors had the responsibility for innovations management, for their 
promotion and supervision. Therefore their opinions and requirement may have been 
the more relevant parameters for the further development of the prototype of pick by 
vision. Even lower tier managers could be included as suitable measures could help 
overcome organisational barriers for decisions for innovation. 
Baumann et al. (2012) conducted an industrial study of HMD assisted picking, 
comparing it with, paper and tablet based picking and pick by light. The experiment 
took place during the regular working shifts of the plant, but due to policies and other 
constraints, they were not allowed to measure any performance, or any other 
observations like questionnaires and video recording. They tried to overcome the issue 
of ecological validity of laboratory experiments. However, they were not able to gather 
any data for the analysis of any significant effects. 
In another publication, Baumann discussed the industrial applicability of HMD based 
order picking and concluded: 
'I recommend not to introduce it yet for industrial usage as the hardware 
solution and the user acceptance will need further investigation.' (Baumann, 
2012, p. 79) 
Like Günthner et al. (2009) his experiments tested performance and quality, coming 
from the technological abilities. His conclusion, however, showed that some criteria are 
missing and were not evaluated. These criteria were thought of being so important that 
a final recommendation of introducing HMDs in order picking could not be 
recommended. 
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Also the Munich University of Applied Sciences intended to develop a MR based 
prototype for order picking which was then solely reduced to the research described in 
this thesis (Ehmann, 2008). 
 
The two main foregoing experiments showed the importance of trying to implement 
MR based picking in consignment systems. So far, none of the research projects 
succeeded in evaluating these systems for a full recommendation or a successful 
implementation. The literature review in this field revealed the open questions and the 
uncertainty about the principal applicability of MR in manual order picking. 
2.2 Mixed Reality 
The technology offering promising features was MR as it had already been tested in 
several production processes. MR was the enhancement of the optical sense with 
computer generated information in real time (Azuma, 1997). It was a blend of the real 
environment and virtual objects projected to the user as can be seen below: 
 
 
Figure 3: Simplified representation of a reality-virtuality continuum according to 
Milgram and Colquhon (1994, p. 283) 
It can be seen in Figure 3, that the often referred to Augmented Reality was much 
more focused on the direction to the real environment. As there was no conclusion to 
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what intensity virtually enhanced reality was applicable best, the broader definition of 
MR is used in this research. 
Adapted to the area of logistics for the application, the worker got special glasses 
with displays that provided him with context related and helpful information. This 
allowed him to focus on the main work, picking and packing. 
2.2.1 Current State of Research 
Prototypal applications to make use of MR existed from the very beginning of the 
technology. Prototypal applications of MR-technology were tried in many areas, e.g. 
medicine (Lievin & Keeve, 2001), military (Tappert, et al., 2001), architecture (Tamura, 
et al., 1999) and production (Azuma, et al., 2001) (Mizell, 2001). 
Then starting at around € 10.000,- wearable MR systems are still expensive niche 
products searching for the right application today. Enough money was invested to 
develop first prototypes, but no market to serve on a broader basis was found (Buergy 
& Seitz, 2013). They stated, partly disillusioned, that: 
'Since nearly 14 years, the authors patiently accept constantly the same 
statement “wearable computers will hit the market within the next 3-5 
years”.' (Buergy & Seitz, 2013, p. 1484) 
The latest applications of MR include for example training people with impairment. 
AR technology is used to provide picture cues, identify incorrect task steps on the fly 
and help users make corrections. The technology enables the participants to improve 
their autonomous functioning, feeling of independence and quality of life for people with 
disabilities (Chang, et al., 2013). 
Lee et al. (2011) propose a method to construct a MR based digital manufacturing 
environment which extends the areas of application for digital manufacturing 
technology. They gained a better sense of immersion for the user of their technique, 
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yet they the critically view the corresponding increase in cost and time overheads in 
building such an environment. Their initial review of MR applications includes product 
design, production, maintenance and service. 
Also surgical applications can still be found on a prototypal basis. This shows also 
part of the technological development over the past years. In contrast to Lievin and 
Keeve (2001), the prototype of Marmulla et al. (2005) also offers image-guided surgery 
but is already working without the use markers. This makes the setup of the technology 
more easy and faster. 
 
The following figures show additional applications of MR using different HMDs during 
the last years: 
 
Figure 4: Tele maintenance with the help of MR and an HMD (Buergy & Seitz, 2013, 
p. 1485) 
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Figure 5: Motorola is using an HMD for police officers and paramedics (Ikanos 
Consulting, 2013) 
 
Figure 6: BMW’s vision of MR assisted car maintenance. The worker is guided 
through the different steps of exchanging the cooler fan (Butler, 2009). 
A more exotic area of applying MR was studied by Moussa et al. (2012) who 
deployed an AR based vehicle system for a left-turn manoeuvre study. They 
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augmented normal traffic situations to measure decision making processes from 
drivers without endangering them in any real critical circumstances. 
 
In any case, four main questions have to be discussed for the implementation of MR 
and are used within the context of this research for the field of order picking: 
 the display unit 
 with or without tracking system 
 the form of information representation 
 the procedural influence of the technology (Alt, 2003) 
 
These characteristics are explained in the following sub chapters. 
2.2.2 Display Unit 
There were basically four methods of displaying mixed reality images, classified by 
two characteristics, according to Patron (2004). 
First it offered the possibility of looking around, i.e. the viewer was not connected to 
the display, or looking through, i.e. the display was attached to the user and his field of 
vision. 
Secondly the question of whether the field of vision was enhanced by virtual 
insertions (OST3) or whether the real and virtual images are premixed and displayed as 
one picture (VST4) had to be defined. 
Figure 7 shows the four different types of visual overlays. 
 
                                                
 
3 i.e. Optical See Through 
4 i.e. Video See Through 
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Figure 7: Different methods of visual overlays (Patron, 2004, p. 24) (Dickmann, 
2009, p. 460) 
2.2.3 Tracking System 
In order to provide context-based visualisation, the position and direction of the user 
had to be identified and tracked. The assessment of the tracking system included 
degrees of freedom, accuracy, latency, robustness, room of measuring and price (Alt, 
2003). 
Excluding the Global Positioning System (GPS), as it was simply not working 
indoors, there were the following possibilities: 
Using mechanical tracking, the user’s display device was attached to arms and joints 
equipped with sensors which gauge the movement/alteration (Müller, 2001). This 
method was very accurate but involved high costs and limited mobility. 
Another possible way was to use an electro-magnetic field. The user wore a sensor 
that measured the field intensity and determined the position. Its advantages were its 
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small size, little latency and low cost. However, the diverting influence that metallic 
objects had on the magnetic field, limited the operational possibilities within industrial 
environments (Ascension Technology Corp., 2008). 
The optical tracking, using cameras, offered two solutions. Either outside-in, where 
the cameras were installed in the room (Livingston, 1998) and tracking markers were 
fixed to the user, or inside-out where the user was wearing the camera and tracking 
different markers to locate his position (Kato & Billinghurst, 1999). Fair accuracy was 
confronted with high costs for commercial solutions. 
Inertial tracking measured acceleration of gyroscopes and by single (velocity) or 
double (position) integration provided the necessary information (Müller, 2001). This 
system was small and shielded from environmental influences but it was relatively 
inaccurate. 
Other outsider tracking systems made use of acoustics, laser or a mini-indoor-GPS 
(Müller, 2001). 
2.2.4 Information Representation 
The form of visualised information in MR systems was open to any style the operator 
chose. They could have consisted of static or dynamic insertions, text, pictures or 3D-
models. Different kinds were already tested in past applications: 
- ID-Nr. 
- position oriented text 
- animation: blinking 
- animation: frame 
- animation: colour (Alt, 2003) 
 
Depending on the individual case, the visualisation has been context-sensitive and 
congruent (Alt, 2003). 
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In order to provide a spatial perception, monoscopic techniques like the constancy of 
size or the overlapping of objects as well as the parallax of movement could be 
employed (Frisby, 1997). Even better results could be yielded with a real stereoscopic 
view. In order to create the effect, the images for the right and left eye had a slight 
offset depending on their virtual distance. The closer the object the bigger was the 
offset. As every eye only perceives its own image, the displacement was recorded as 
depth. This natural awareness of stereoscopy represented a much lesser strain for the 
mind of the user (Klein, 2008). 
2.2.5 Procedural Influence 
In order to evaluate the effect of MR enhanced processes, quality and time had to be 
measured.  
In one recorded test, the needed time for the assembly of plane parts could be 
halved (Mizell, 2001). In another test the time for an experimental automotive assembly 
step could be reduced from 24s to 11s, the recall ratio rose from 94% to 98% (Alt, 
2003). The study further identified the dependence of effective MR systems on the 
complexity of an application. 
Only after a specific bound of complexity, the use of MR was of help to the operator 
and therefore contributed to the reduction of necessary time for the process as can be 
seen in Figure 8: 
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Figure 8: Critical complexity for the use of MR (Alt, 2003, p. 100) 
2.3 Innovations Management 
The implementation of new ideas and techniques was described as being difficult in 
most cases throughout the literature review. The main theories, models and 
descriptions of this process are discussed in the following. 
2.3.1 Diffusion of Innovations 
How to speed up rate of the diffusion of innovations in markets and companies was 
the main focus of Rogers’ “Diffusion of Innovations” (2003). He compared the process 
of diffusion to the product life cycle concerning the penetration of the market (see 
Figure 9). 
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Figure 9: The innovativeness dimension (Rogers, 2003, p. 281) 
Rogers stated that new innovations and products undergo a rise in market share 
from their introduction to the first buyers (which meant the users of a technology in this 
case). This was followed by a saturation of the market when the majority was making 
use of the technology and only rounded off by the laggards. Mixed Reality in Order 
Picking was still in the innovators phase without a measurable market share. 
According to the law of diffusion, mass-market success can be achieved only after 
penetration of between 15 and 18 percent of the market (Sinek, 2009). Moore (1999) 
considered the critical stage to be even earlier, between the innovators and the early 
adopters. He defined it as the chasm to be crossed in order to reach the mass market. 
 
As for the process of adoption, Rogers was mainly focusing on the temporal 
sequence of innovation acceptance (Rogers, 2003). He described it in the five steps of: 
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 Knowledge of the technology 
 Persuasion of the client/customer to make first use if the technology 
 Decision after the first use whether the technology and its benefits are 
accepted or rejected 
 Implementation of the technology in the applicable environment 
 And finally confirmation, which may lead to further diffusion inside and 
outside the company. 
 
Brem (2012) differentiated the innovation process in only three main stages: 
generating, accepting and implementing the idea. As Rogers (2003) was offering the 
more detailed model, the diffusion of innovations model was applied in order to 
determine the progress of the technology. 
Since there were no industrial applications of MR in the field of logistics (up to the 
time this research was undertaken) the innovation in this case was considered to be 
somewhere between stage one to three of the acceptance process. The actual stage 
had to be verified in the upcoming approach in order to measure to what extent 
influence on the development of the technology and the decision making process could 
still be made. 
This model was therefore to be applied in order to determine the status of 
acceptance of a technology. 
Defining the phase and stage of a technology’s status in the innovations lifecycle, 
prepared for the afterwards following methodological approach in influencing the 
abilities of MR in applications in order picking. 
MacVaugh and Schiavone (2010) discussed the limits of the diffusion of innovations 
model. They integrated a literature review of the latest adaptations and applications of 
the model and structured them in a morphological box. This offered an overview over 
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the most likely limits of the model. However, they offered now applicable adaptation as 
solution. They only main recommendation was to consider a broad range of variables 
when launching product innovations. These limitations of the diffusion of innovations 
model had to be considered when applied to the research. 
In another review of the applications and literature of the diffusion of innovations, 
Nutley et al. (2002) found that principally innovation has to compete with reinvention. 
For them, this meant that improving existing technologies were the main competition 
for the acceptance of innovations. They also advised to recognise the limitations of a 
focus on rationality and linear stage models such as Roger’s theory. 
2.3.2 Crossing the Chasm Between Innovators and Early Adopters 
Thirty years after the introduction of the diffusion of innovations, Moore (1999) 
introduced his theory about crossing the chasm. It concerned the transition of a 
technology from innovators to early adopters (Sinek, 2009). 
Moores theory of crossing the chasm was discussing the technological life cycle in 
more depth than the diffusion of innovations. He defined the obstacle companies had to 
overcome when transferring from the early adopter stage on to the early majority stage. 
This prospected increase in turnover was often challenged by the difficulties of different 
customers with a whole new perception of the benefits and risks of a new technology. 
Especially for high-tech products the market migrated then from visionaries, who 
were supporters of technological innovations, to pragmatists, who were principally 
sceptic of switching. Moore referred to this as the competitive positioning compass as 
can be seen in the following figure: 
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Figure 10: The competitive-positioning compass according to Moore(1999, p. 135) 
MR assisted picking was considered to be in transition between technology 
enthusiasts and visionaries. According to the literature review in chapter 2.1.3, it 
seemed to have problems in crossing the chasm. This could be deducted from the 
user’s readiness to implement pilot studies in their environment but no implementation 
on a broader basis. In Moore’s model, the pragmatists were described as strongly 
relying on the awareness of the brand / technology, similar and already established 
application in the same market segment or vertically connected segments; and an 
overall positive experience and resume. He described it as a chicken-and-egg problem. 
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To overcome this obstacle, Moore’s main vision was to enhance and optimise the 
application not the product platform. He suggests four steps to proceed according to 
this strategy 
 target a specific market 
 think through your customers problems 
 represent a set of alternative ways (for helping in the application) 
 sale directly (Linowes, 2003) 
 
While the first and fourth step were important for the strategic positioning and direct 
marketing for the company, steps two and three were addressing the style of 
development and “shaping” of the high technology. 
This was the valuable input of the theoretical framework for this research. Coming 
from the customers view, the competitive advantages and benefits of the new 
technology were deducted. An evaluation of the overlap between the market segment’s 
needs and the technical abilities could be made. A confirmed further approach in the 
combination of these two parameters could then be influenced in a positive 
manifestation of the technology, in the said application. 
2.3.3 Disruptive Technologies and Appropriate Markets 
As was discussed in chapter 2.2, order picking had been pulling different innovations 
over the last years to increase the efficiency and quality of the process. Clearly, MR 
was showing attributes to assist this strive for optimisation. It was however also 
important whether the technology could perform sufficiently in the essential criteria at 
this stage of the product’s lifecycle. This meant if the increase in speed and quality of 
the process, for example, met the market demand. 
According to Christensen (2011) (2012), the discussion is therefore whether MR was 
a sustaining or disruptive technology in the market of order picking. Only when the 
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advantages in this particular application out level the disadvantages, was it advisable to 
enter the market. This was the so called disruptive technology s-curve, where a new 
technology replaced an old one at the moment of better performance. 
So far the literature research had not shown any structured approach to assess the 
lifecycle stage of MR or the fulfilment of the market demand in any criteria. This may 
have been due to the early prototypal development of the technology. 
Sinek (2009) focused furthermore on the extent to which a new technology had to be 
considered new or really different to the existing ones: 
'And that’s the reason these features are more a novelty than an 
innovation. They are added in an attempt to differentiate, but not reinvent. 
[...] In an attempt to differentiate with more features, the products start to 
look and feel more like commodities. And, like price, the need t add yet 
another product to the line to compensate for commoditization ends in a 
downward spiral.' (Sinek, 2009, p. 26) 
2.3.4 Influencing the Technology’s Abilities 
One similar problem was discussed by Resch (2006) in relation to the 
implementation of RFID-tags. This technology created a hype in the 1990’s due to its 
promoted possibilities in assisting the information flow in supply chains. Nevertheless, 
there were still not many implementations in the companies. 
Resch (2006) described this as an innovation gap as can be seen in Figure 11. 
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Figure 11: The innovation gap according to Resch (2006, p. 5) 
The figure showed that most of the future project costs for the implementation of a 
technology were set in the beginning. Also the decisions made at the start influenced 
greatly what and how much of the potential of the innovation was going to be realised. 
On the other hand, there was no methodical safeguard to obtain the full potential and 
understand the technology’s best way of application right from the beginning. 
He concluded that the evaluation of the triggering criteria of a technology’s 
possibilities had to have two perspectives: 
Firstly, what can the technology provide? Meaning, what were the advantages of it 
compared to the existing and already used older techniques. 
Secondly, what do the users and decision makers for the implementation want to get 
by risking to implement this new technology. 
2.3.5 The Technology Acceptance Model 
One theoretical model, assisting the second point of view, is discussed in the 
following. 
Scientists in the area of management information systems often relied on theories 
from social and psychological sciences. Thereby the theoretical basics were applied to 
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specific situations of a computer based use of information systems (Resch, 2006). For 
the first time, Davis (1989) described it as Technology Acceptance Model5 in his report 
“Perceived Usefulness, Perceived Ease of Use and User Acceptance of Information 
Technology”. 
In contrast to the diffusion of innovations model, the TAM was focusing on the causal 
parameters for decision making and not the timeline of the decision process. It was 
described as one of the most widely applied models for innovations management and 
information systems (Rao, 2004), (Lee, et al., 2003). Nevertheless it has experienced 
several adjustments and derivations as well. 
A prevalent adaptation of the TAM for complex technologies can be seen in Figure 
12. 
 
                                                
 
5 abbreviated as TAM in the following 
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Figure 12: Adaptation of the TAM for complex technologies (Rao, 2004, p. 8) 
It identified different aspects of a technology as triggers for the decision of an 
individual of accepting or rejecting it. The attitude towards adoption was therefore 
mainly influenced by three aspects: social pressure, intrinsic and extrinsic motivation. 
These aspects again related to other parameters as well as themselves. According to 
Rao, the four main influencing parameters were apprehensiveness, ease of use of the 
technology and extrinsic and intrinsic motivation. 
Which parameters were relevant in this particular case, had to be elaborated, once 
MR had proved to be a competitive technology to the existing techniques in order 
picking. With one exemplary application of the TAM to online consumer behaviour, 
Koufaris (2002) proved the successful application of the mode, even when the usage of 
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a tested system depended on many different criteria. He confirmed the robustness of 
the model when applied. 
 
In addition to the different point of views of the TAM model, Sailer (2012) was 
discussing even more angles of viewing the innovation process. He described 
innovation as a multi-layered transformation process. There were six perspectives 
(financing, future trends, laws/politics/culture, technology, customer, resources), four 
cultural levels (personality, team, stakeholder, society) and five stages 
(problem/analysis, development, implementation, market introduction, growth). Each 
aspect was influencing the progression of the innovation passively or actively and to an 
individual extent. The model therefore offered even more aspects worth considering for 
a successful implementation. 
Sinek (2009) addressed this matter on a more fundamental basis: 
'The idea that copying WHAT or HOW things are done at high-performing 
organizations will inherently work for you is just not true. [...] It is not just 
WHAT or HOW you do things that matters; what matters more is that 
WHAT and HOW you do things is consistent with your WHY. [...] A WHY 
provides the clear filter for decision-making.' (Sinek, 2009, p. 166) 
He therefore suggested addressing the implementation of new products, respectively 
innovations, at the core decision makers of a company. 
Lee et al. (2003) conducted a meta-analysis of 101 articles involving the TAM 
between 1986 and 2003. The study found that the TAM has progressed and was 
applied for many different products in different applications. They admitted that 
contradictory views on TAM research existed and, in their words, “exciting” directions 
remain for future research. 
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2.4 Summary of the Literature Review 
The literature has given an overview of the three main areas.  
At first, the role of logistics for companies and the competing markets was 
introduced. Then the more specified role of manual order picking for logistics and the 
competencies of companies was elaborated. The assistance of technologies and their 
role within the process was discussed and the latest developments mentioned. 
In the following MR as an emerging technology with new possibilities to enhance 
existing processes in many areas was explained. A human’s field of view was 
augmented with visual overlays, in the main focus to assist him with necessary 
information or guidance. The intensity of the artificial inlays could vary due to the 
necessary task and hardware technology used. The literature review has shown that 
MR was a technology in its early stages. Some applications in specific environments 
were already implemented, yet researchers expected much more benefit available 
through this technology. 
One possible process to apply MR at was order picking in warehouses. The review 
has shown several needs of the industry to improve and optimise this task. The 
technological solutions so far have been analysed and categorised according to their 
advantages and disadvantages. As a result, none of the solutions was covering all the 
dimensions performance, cost, flexibility and quality, equally and sufficiently. Two 
research projects were already conducted with trial MR-systems for order picking. 
None of them has reached industrial applicability or was implemented as a worthwhile 
investment. So far enough money to develop first prototypes was invested, but no 
market to serve on a broader basis was determined. 
The literature review in the field of innovations management introduced the diffusion 
of innovations. The different stages of an implementation and accordingly the decision 
making process for new technologies were discussed. The need to identify the desired 
abilities and influencing criteria for decision makers was taken into account with the 
Critical Literature Review 
 
 
 
 
 
- 34 - 
technology acceptance model. Under this consideration, a comparable research project 
for the technological implementation of RFID tags was evaluated. 
 
The findings of the literature review in these three areas laid the foundation for the 
definition of the aims and objectives of the research. 
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3 Description of the Research Aim 
The combination of the critical literature review and the first derivations during the 
field experiment led to the research questions and the objectives for the following 
research. 
This chapter describes how the gap from the literature review was defined as the aim 
of the research and its objectives. 
The Figure 13 is showing the pursuit of gaining advantages over the competition by 
aspiring for innovative advantages. The faster and the better the suitability of an 
innovative technology and its specific strengths and weaknesses can be assessed, the 
more likely the process or application can be optimised compared to competing 
applications. 
 
 
Figure 13: Visualisation of the innovational gap 
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For the testing of the approach and the methodology the specific industry of logistics 
and especially warehousing was chosen. The technology to be evaluated and tested 
was MR. 
These, industry and technology, therefore served as the plausible proof of concept 
for the derived methodological approach of the research. The adapted cycle of the 
specific research gap can be seen in Figure 14: 
 
Figure 14: Research gap as effect of the need for competitive innovations 
3.1 The Research Question 
First prototypal versions of MR enhanced consignment systems have shown the 
practicability of the use of this technology. Nevertheless they have not achieved 
industrial acceptance and implementation of a bigger number of units until now. The 
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literature review identified the needs in the application area of order picking and 
technical potentialities for their procedural satisfaction with the abilities of MR.  
Not following the path of the research projects already undertaken, the aim of this 
research was to focus first on the applications side and its needs before discussing the 
technologies abilities to fulfil and satisfy these needs. This was in unison with 
Christensen’s experience of more than two decades of research in innovation: 
'Many products fail because companies develop from the wrong 
perspective. Companies focus too much on what they want to sell their 
customers, rather than what those customers really need. What’s missing is 
empathy: a deep understanding of what problems customers are trying to 
solve.' (Christensen, 2012, p. 99) 
Critically reviewing the field of innovations management showed possible aspects 
which trigger and enhance the implementation of new technologies. Summarizing and 
combining the findings led to two points of view for the implementation of MR: 
1. Application Pull: What do users and decision makers expect from 
assisting technologies for order picking? 
2. Technology Push: What is the benefit of mixed reality? 
As the other research projects have already proven, there was basically an overlap 
between those two views. The advantages MR was offering (being applied to order 
picking) were useful in a general context. 
The search for the intersection of the technology push and the application pull led to 
a more focused approach. Following the potential pull of the application order picking, 
an initial research question as interim focus was formulated as follows: 
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What benefits do decision makers expect as benefit from the technology 
Mixed Reality, as contribution to the process of order picking?  
The perspective stated here was to find out whether there was an overlap between 
what technological advantages of MR really contributed in assisting the consignment 
process on the one hand. The technological characteristics of MR could develop during 
time and therefore had to be specified to what was realistically and economically 
implementable at the specific time of the research. 
On the other hand it had to be elaborated, what aspects the decision makers cared 
about during the acceptance phase and implementation of this new innovation. 
Following this argumentation, led to the following, overall research question: 
What is an efficient and effective way to implement Mixed Reality for 
manual order picking? 
Answering this question led to an approach for the proper evaluation of the suitability 
of MR with its technological possibilities at the moment of measurement. This was the 
focus of the practical contribution of the research in the fields of MR and logistics. 
The verification of the fitness of MR and order picking was furthermore the 
exemplary assessment of the methodological approach of getting there. The review of 
the latest theories and implementations of innovations management showed the 
principal lack of a methodology to assess the fitness of a technology and a process of 
application in general. The additional research question was therefore formulated as 
follows: 
What methodological approach can assess the innovative potential and 
suitability of a technology, given a specified process of application? 
This was the focus of the theoretical contribution of the research in the field of 
innovations management. 
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3.2 Aims and Objectives of the Research 
According to the research questions, the main objective was defined as follows: 
Developing a Methodical Approach for the Systematic Identification of 
Innovative Technological Applications – Based On Mixed Reality in Manual 
Order Picking 
The aim was to find and evaluate an overlap between the technological potentialities 
of MR and the procedural needs of order picking as is visualised in Figure 15.  
 
 
Figure 15: Intersection of procedural needs and technological abilities 
The achievement of this main objective of the research is presented and discussed 
in chapter 8 “Connecting the Interviewing Stage and the Experiments to Evaluate the 
Innovative Potential of Mixed Reality”. 
The main objective led to three sub-objectives with the goals to identify the 
customer’s needs and the technologies abilities. Before breaking down to the definition 
Description of the Research Aim 
 
 
 
 
 
- 40 - 
of these sub goals, it was implied that the outcome of the research in both of them is 
subject to change over time. The procedural needs of consignment systems were 
driven by the changing needs of the market. The technological possibilities and their 
practical and economic realisation, on the other hand, were impelled by the many hard- 
and software developing companies. This influential parameter to the research may 
develop much faster than the market needs are changing. 
As for the theoretical contribution of the thesis an approach had to be developed to 
assess the fitness and the extent of the intersection on a general basis. This was 
defined as the first sub objective of the research: 
Developing a methodological approach to evaluate the suitability of an 
innovative technology for an existing process and to assess its strengths 
and weaknesses within this context for any further development. 
The structure of the approach is described in chapter 4 “Methodology”. The analysis 
of it is presented in chapter 8 “Connecting the Interviewing Stage and the Experiments 
to Evaluate the Innovative Potential of Mixed Reality” and the assessment of the 
approach and results in concern of validity (internal and external) and reliability are 
discussed in chapter 9 “Validating the Approach and the Findings”. 
The formulation of the research questions, especially the intermediate formulation 
about the focus on the procedural needs at first, already defined the direction of the 
research: defining first the user’s needs and valued aspects for implementing a new 
technology. Secondly the abilities of MR to fulfil the found criteria had to be evaluated. 
This approach of research is shown in the figure below: 
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Figure 16: Flow of the research objectives 
The formulations of the second sub objective was as follows: 
Find the determining criteria and aspects for the use of assisting 
technology in the area of order picking. 
The conduct and the analysis of this research stage are presented and discussed in 
chapter 6 “Semi-Structured Interviews with Budgetary and Authoritative Decision 
Makers”. 
The afterwards processed third sub objective focused to 
Evaluate the abilities of Mixed Reality to technologically fulfil the 
determining criteria. 
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This step is described, analysed and discussed in chapter 7 “Laboratory 
Experiments”. 
Altogether, the research objectives provided the basis for the methodological 
approach as described in the next chapter. 
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4 Methodology 
This chapter describes the methodological approach of the research. The procedure 
for the elaboration of the research objective will be described, followed by the 
specification of the different methodologies selected for the sub-objectives. 
4.1 Approach of the Mixed-Method-Research 
The literature review showed the lack of an industrial implementation of MR in 
manual order picking. In order to identify the technological advantages of the 
technology in this specific logistic environment, a mixture of two different research 
methodologies was chosen. According to Saunders, this was defined as mixed 
methods research (Saunders, et al., 2007). This mixed methods approach claims 
pragmatic knowledge by collecting both qualitative and quantitative knowledge 
sequentially (Creswell, 2003). In regard to the research philosophy, mixing offered the 
possibility to balance different philosophical bases. Furthermore, recognizing that all 
methods have limitations, researchers feel that biases inherent in any single method 
can neutralize or cancel the biases of other methods (Creswell, 2003) (Jarratt, 1996). 
Implementing the findings from the different theories in innovations management, the 
“Diffusion of Innovations” and “Crossing the Chasm” classify the stage of the innovative 
technology MR between the early adopters and the early majority. This state in the 
lifecycle of the technology is crucial for further user acceptance, i.e. affirmative decision 
for a buy and an implementation, and the direction of the future development (Rogers, 
2003) (Moore, 1999). 
The purpose of the mixed methods approach served the purposes of providing an 
overall view on the subject of the research and providing a guideline for the decision 
Methodology 
 
 
 
 
 
- 44 - 
making process. It can be compared to the analytical hierarchy process, a methodology 
first described by Saaty (1990): 
'A hierarchy serves two purposes. It provides an overall view of the 
complex relationships inherent in the situation; and helps the decision 
maker assess whether the issues in each level are of the same order of 
magnitude, so he can compare such homogeneous elements accurately.' 
(Saaty, 1990, p. 9) 
This hierarchy does not need to be complete and in this sense is no traditional 
decision tree. Each level of the process may represent a different level of the problem. 
Its three steps consist of structuring the problem in form of a hierarchy of a decision 
tree. Secondly the competing characteristics are judged pair wise and lastly the 
attributes are prioritised for a resulting eigen vector (Saaty, 1990). However, this 
process is descriptive and relies on the judgement of the subject during both steps: 
evaluating the competing technologies and prioritise the criteria for the decision making 
process. Therefore only the main step of the analytical hierarchy process of structuring 
the research objective as hierarchy was applied. 
Instead of a prioritisation, the relevant criteria and their weight for the decision 
making process were elaborated via the use of expert interviews. The rating of the 
technologies within these criteria was then performed via laboratory experiments. This 
included the subjects of the decision making only in the first step of the mixed methods 
approach and ensured a bias free evaluation of the technologies. 
Before these two main stages of the research a short field experiment with an 
industrial partner was conducted. This served as a gate to decide whether the principal 
applicability of MR in order picking is given. The step ensured that the bigger amount of 
the research effort was aimed at a proper combination of technology and process of 
application to validate the methodology. 
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After the mixed methods approach, presentations for feedback were conducted in 
order validate the results and the methodological approach via the interview partners. 
This also ensured the reliability of the research model. 
Figure 17 is giving an overview over the four stages of the research and their relation 
to each other in the context: 
 
 
Figure 17: Overview over the methodological approach 
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The framing stages of the research, the initial field experiment and the feedback 
interviews, ensured the validity and reliability of the results and the approach. The main 
objectives were related to the two main steps of the mixed methods approach. 
In order to carve out the triggering parameters for users to make a positive decision 
for the purchase of the technology, the decision making process had to be analysed. 
Again the “Diffusion of Innovations” theory and additionally the “Technology 
Acceptance Model” helped for the approach during this part of the research. They 
provided a deeper understanding for the decision making process in general and 
potential criteria to review in the specific area of MR in order picking (Rogers, 2003) 
(Rao, 2004). 
Evaluating the technology’s abilities to fulfil these criteria, established the decision 
for or against an implementation. In case of a positive decision, Resch’s (2006) 
research provided the possibility to direct and focus the ongoing development of a 
technology in a useful manifestation for the targeted process. 
In the first part of the main research approach, qualitative knowledge of what are the 
influencing parameters had to be gathered. This required finding and building a new 
theory leading to an inductive methodology: 
In-Depth-Interviews with the authoritative and budgetary decision makers 
for new technological implementations at potential applying companies lead 
to the determining aspects for the use of the technology MR. 
The outcome of this survey in form of interviews were qualitative criteria with 
quantitative goals in some cases, such as increased performance in certain aspects. 
According to Holden this was a subjectivist approach with the tendency to be mostly 
interpretivist (Holden & Lynch, 2004). 
The elaborated aspects from the interviews were tested in a new prototype of an 
MR-assisted order picking system. This execution was limited qualitatively and 
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quantitatively to the technological and economical possible means from the point of 
view of the user and the current development stage of the technology. 
The prepared prototype was then tested in experiments for each criteria analysed 
during the survey. This was the second methodology used: 
Comparing current technologies for order picking with MR in an 
experiment leads to the evaluation of the ability of MR to fulfil the 
elaborated needs from the interviews. 
This was the deductive testing of the applicability of MR as innovation. Quantitative 
data was gathered to measure the fulfilment degree of the earlier found criteria. Holden 
described such laboratory experiments as relating to the objectivist philosophy. This 
research tactic was strictly positivistic with some room for interpretation (Holden & 
Lynch, 2004). 
This was a sequential combination of multiple, mixed methods. Consecutively the 
gathered qualitative data were analysed qualitatively and the quantitative data were 
analysed quantitatively. 
In effect, this approach was focusing on evolutionary innovations, which could be 
deducted from the user’s wishes and vision for the application (the innovation pull). 
Disruptive innovations on the other side represent a technological push and would 
require a different research approach. This way of proceeding would align with the 
technology’s abilities firstly and secondly with the applicable advantages in the desired 
field of implementation. However, disruptive innovations could be regarded as 
evolutionary innovations as well. Their disruptive nature only appeared during their 
transcendence into another market. After a certain amount of time, their behaviour 
resembles evolutionary innovations again (Vlaskovits, 2011). Therefore, even if the 
research approach excluded disruptive innovations, they could be considered as the 
minor part of the research area. 
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4.2 The Framing Methodologies: Initial Field Experiment and the Feedback 
Interviews 
Concerning their conduct, the framing methodologies of the research approach could 
be related to the main methodologies of the mixed methods approach. 
The initial field experiment went in unison with the later following laboratory 
experiments. The specific advantages and disadvantages, as well as the peculiarities 
in concern of the applicability of the methodology in the research was therefore 
addressed in chapter 4.4 Experiments. 
For the feedback interviews, the according description can be found chapter 4.3 
Survey: Semi-Structured Interviews. 
Even if the two main steps represent the general mixed methods approach, with the 
quantitative methodology of experiments following the qualitative methodology of 
interviews, the four research stages in total were also alternating the qualitative and 
quantitative nature: 
1. Field Experiment   Quantitative 
2. Expert Interviews   Qualitative 
3. Laboratory Experiments  Quantitative 
4. Feedback Interviews   Qualitative 
 
Thereby each following step validated the foregoing one in its results and 
methodology. 
4.3 Survey: Semi-Structured Interviews 
The following chapter describes the approach of the semi-structured interviews in the 
context of the research. 
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The implementation of the methodology in connection to the research aim is 
explained. The flow of the survey combined the findings from the literature review (i.e. 
mainly the innovation theories) in the application of interviewing. 
The advantages and disadvantages of the methodology in reference to the research 
objective are discussed. Finally similar approaches in other research projects are given 
as comparison of the appropriateness of this particular approach. 
4.3.1 Aim and Implementation of the Interviews 
In order to find as many of the triggering aspects for implementing MR as possible, a 
survey among a representative number of decision makers in the area of industrial 
order picking had to be conducted. This methodology was used in an inductive 
approach as explanatory research (Saunders, et al., 2007). The questions to answer 
were mainly ‘what’ and ‘how’ characteristics of the technology are influencing the 
decision making process. 
The execution of the survey was in the form of semi-structured interviews, prepared 
with the abstract factors coming from the literature review6 in innovations management 
and the open-endedness for the input from the interviewees as can be seen in Figure 
18. The non-structured part stressed more interest in the interviewee’s point of view 
(Bryman & Bell, 2011). The interviewer remained the same throughout the different 
interviews. This could have influenced the findings one sided, on the other hand the 
interpretation of the answers remained consistent (Dominowski, 1980). 
Interviews were contrived, artificial situations in which the interviewees may have 
responded accordingly. This could have influenced the data and had to be kept in mind 
during the preparation (Hannan, 2007). Nevertheless, the possibility to obtain 
                                                
 
6 for example the technology acceptance model 
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information and gain insights in the decision making process justified the choice of 
interviews. 
 
 
Figure 18: Flow chart of the survey 
The target group of the survey were authoritative and budgetary decision makers for 
the implementation of optimisation projects for logistic processes, especially the 
consignment process. The criteria “budgetary decision making” was not limited to 
budget, the interviewee her- or himself had to be responsible for, but also whether he 
or she was in some sort of direct communication line with the responsible managers. 
This was due to the resource allocation process with which Christensen (2011) 
discussed the theory of low- and mid-level managers filtering the project proposals that 
are forwarded to the top–level management at all.  
The interviewees had to have been in charge of this responsibility for some time and 
should have had implemented or at least accompanied the implementation of another 
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order picking enhancing technology. The number of interviewees was focused to be 
small because of their specialized background and a limited availability due to their 
operational task load. The interviews were executed parallel over a certain amount of 
time. 
As the valued decision criteria were sometimes psychologically sensitive information, 
the focus of the interviews was more in-depth talks with the interviewees lasting around 
one to two hours and therefore the number of interviews was be limited to five. 
The results of the interviews were mainly qualitative criteria, which were annotated 
partially and additionally with priority and extent. This stage was concluded completely 
before the findings of all interviews were summarized and concentrated. This was done 
in order to avoid restructuring the following applicable prototype over and over again 
and more importantly, in order to follow the longitudinal approach of the mixed 
methods. 
4.3.2 Discussion of the Appropriateness of Semi-Structured Interviews for the 
Research 
Given the applied flow of the interviews in this field of research, the next sub 
chapters discuss the appropriateness of the methodology. The following Figure 19 is 
giving an overview over the course of argumentation: 
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Figure 19: The four steps of argumentation for the interviewing methodology 
Firstly, the conduct of the approach of interviews was explained and discussed. Then 
advantages as well as the disadvantages of the approach were set in contrast and a 
comparison to other potential methodologies for the research objectives was made. 
Lastly examples in similar approaches in research were analysed. 
This process proved increasingly the selection of the semi-structured interviews as 
appropriate methodology for this research step. 
A conclusive evaluation rounded out the picture for the appropriateness of the 
chosen methodology at the end of chapter 4.3. 
4.3.2.1 Conduct of Semi-Structured Interviews 
This chapter is describing the general procedures when using semi-structured 
interviews in research. 
Conduct 
Chapter 4.3.2.1 
Advantages and 
Disadvantages 
Chapter 4.3.2.2 
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Methodologies 
Chapter 4.3.2.3 
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Usually, the questions to be answered are mainly one or more of the following: 
‘what’, ‘how’ and ‘why’ (Saunders, et al., 2007). These are often the focus of 
exploratory and explanatory studies. Some of the factors, triggering a positive decision 
for the implementation, are provided from the literature review. However, the open and 
less structured part of the interviews still provided the possibility to discover more of 
them. After all, there was always the possibility, that some parameters have not been 
found or valued highly enough for integration in foregoing research projects. 
The importance of the established criteria and the relationship between the variables 
were covered by the more explanatory nature of the interviews. Valuable input was 
coming from the respondents in form of their perception and opinion of the subject 
(Barriball & While, 1993). 
The preparation of the researcher, or respectively the interviewer, was already the 
first part of the execution of this methodology. The level of knowledge during the 
implementation was one of the factors determining the output (Saunders, et al., 2007). 
Marnewick and Labuschagne (2010) addressed this matter even deeper. They wrote 
of three instances of gathering the necessary information, which all influence the 
knowledge-level of the researcher and the input for the following step. They were: 
1. The literature review: This defines the knowledge of the field of research, as 
well as the research object and approach. 
2. The development of the interview guideline: This defines the knowledge of the 
possible exploratory and explanatory output from the interview. 
3. Identifying the participants/interviewees: This defines the knowledge of valuable 
providers of information in the sense of the research objects. 
 
The penetration of the subject and related fields before the actual performance were 
thorough enough to satisfy these points of the preparation. 
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Any recommendations from the literature concerning the preparation of a stress free 
and comfortable environment, as well as no intrusive noise and a preferable cut off 
from the daily business, were common sense and were kept in mind for the conduct 
(Saunders, et al., 2007). 
When the topic of the interview and the potential participants were clarified, the 
research was approved via an ethics protocol from the side of the researching 
institution. It provided a basis for the interviewees consent (Saunders, et al., 2007). 
 
The course of an interview offered the possibility of probing the respondent’s 
answers. This became important in the context of reliability of the answers and the 
conclusions drawn from them. (Barriball & While, 1993) 
The manifold possibilities through probing were: 
 clarification of interesting and relevant issues raised by the interviewee  
 exploration of sensitive issues 
 to elicit valuable and complete information  
 to clarify inconsistencies  
 to recall information for questions involving memory (Aktas, et al., 2011), 
(Barriball & While, 1993) 
It furthermore offered a scope to test the interviewers own understanding and 
discuss conclusions drawn during the interview (Saunders, et al., 2007). 
 
The interviews were conducted, using a guideline with questions prepared to assist 
the researcher. The questions helped at not forgetting any points to be discussed and, 
where appropriate, were formulated in an open manner to do justice to the exploratory 
nature of the methodology (Jarratt, 1996). 
However, the style of using the guideline, written down and own thoughts of the 
interviewer, could have changed the outcome of an interview and the kind of and 
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amount of information. Furthermore, to obtain accurate and complete data yet maintain 
sufficient standardization to secure the validity and reliability of the data Barriball et al. 
(1993) suggested only one researcher conducting all the interviews, documentation 
and data analysis. 
This provided reliable and comparable qualitative data and was also supported by 
Cohen et al (Cohen & Crabtree, 2006). 
 
In order to provide a complete documentation and not lose any information from the 
interview, a combined approach was extracted from different approaches in research. 
During the interview itself, notes were taken down on the guideline. These marked 
the main points discussed and gave the opportunity to relate to the standardised 
questions. Making notes demonstrated listening skills and simultaneously served as a 
back-up if the audio record would have turned out to be of bad quality or lost totally 
(Saunders, et al., 2007). 
Simultaneously the conversation was audio recorded. Taping ensured an identical 
replication of the interviews content, when permitted (Genchev, 2009) (Barriball & 
While, 1993). Moreover, it could have been difficult in parts to focus on conducting an 
interview and jotting down notes. Also the development of rapport between the 
participants was essential for the unstructured part of an interview and recording 
enabled this (Cohen & Crabtree, 2006). 
The protocol of the interview was written up shortly after it took place. So no 
explanations are lost or any data was mixed up between different interviews. 
Additionally contextual data, like date and time, setting, background information or any 
immediate impression, were added on the worked on guideline, to link any output to the 
correct interview protocol (Saunders, et al., 2007). 
A transcription was then to be sent back to the interviewees for verification. This 
ensured an accurate and authentic copy of what was said during the interview. That 
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was why the interviewees should be allowed to change or remove anything they were 
not comfortable with (Marnewick & Labuschagne, 2010). 
Special cases were telephone interviews. They could have encountered issues of 
reduced reliability when the interviewee was less willing to take part in an exploratory 
discussion. Non-verbal behaviour usually is not recognizable, which may have 
complicated the relationship between the interview partners and therefore limits the 
willingness of the respondent to provide information. However, Saunders et al. deem it 
appropriate when access was usually prohibited otherwise or for example for long 
distance interviews which would cause high cost (Saunders, et al., 2007). 
Once again, the guideline of the analytical hierarchy process was helpful in the main 
context. As Saaty (1990)suggested only clustering for up to nine variables, established 
from the beginning of the research, this would have limited the open and inductive 
nature of the methodology. This strictly deductive and closed approach therefore, was 
only used to cover parts of the formulation of the problem and the solutions. 
The data analysis was conducted using Computer-Assisted Qualitative Data 
Analysis (CAQDAS) software package as suggested by Marnewick and Labuschagne 
(2010). 
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4.3.2.2 Advantages and Disadvantages of Semi-Structured Interviews in the 
Context of the Research 
The following discussion of the advantages and disadvantages is focusing on the 
context of the research aim and objectives as presented in chapter 3: Description of the 
Research Aim. 
One issue personally conducted interviews had to face was bias. 
In the form of interviewer bias or response bias, both sides may have influenced the 
output and gathered information. Interviewer bias may have occurred already during 
the preparation phase and choice of questions. Additionally the posture and tone 
during the conversation could have influenced the outcome. To cope with this 
problematic, Saunders et al. suggested the use of open questions and ensuring the 
mutual understanding of concepts and specifics (Saunders, et al., 2007). 
Potential bias in the form of the respondent’s wish of social desirability (Barriball & 
While, 1993) may have been another issue. It was best encountered with enabling the 
informants to express their views in their own terms; hence they favour more open 
questions and repetition of a topic, too (Cohen & Crabtree, 2006). 
Generally, researchers addressed validity and reliability as issues, when using semi-
structured interviews (Barriball & While, 1993). 
Validity is the quality of statements being constructed that if the premises are jointly 
asserted, the conclusion cannot be denied without contradiction (Collins, 2012). 
Reliability on the other hand describes the consistency of the results when repeating 
the approach. 
Problems of validity were encountered with the opportunity of probing. Any answers 
given by the informant could be probed by using similar questions from different point 
of views and angles. The respondent were then asked to elaborate and explain, when 
misunderstanding the meaning and different use of words seemed to be on hand 
(Saunders, et al., 2007). 
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Generally, the results attained with the use of semi-structured interviews were 
difficult to be generalized. As these interviews were based on a small and therefore 
unrepresentative number of cases. The circumstances of the research were complex 
and dynamic, which was the reason for such an exploratory methodology. Therefore 
the data collected reflected the reality of the survey at the specific moment in time. 
However, as the research project was related to existing theory one can demonstrate 
that the findings have a broader theoretical significance than the cases forming the 
basis of the work (Saunders, et al., 2007). 
Another advantage was the strong ability to overcome non-response, as opposed to 
the sensitive topic of the decision making process within a company and personal 
preference (Barriball & While, 1993). 
4.3.2.3 Semi-Structured Interviewing in Comparison to Other Potential 
Methodologies 
This subchapter compares the methodology with other potential options.  
Deducted from other research projects, the three alternatives are quantitative 
methodologies in general, unstructured interviewing and questionnaire based surveys. 
 
As opposed to quantitative methodologies, interviewing provided in depth 
understanding of the practice used. This 
'allows the researcher to fully understand the subjects’ experience as 
well as to learn more about the reasons for subjects’ answers to the 
questions posed' (Marnewick & Labuschagne, 2010, p. 664) 
In contrast to only proving a hypothesis, the results could help to identify and 
understand different modes of behaviour with a broad range and depth of information. 
This was made possible by the flexibility of an interview in opposition to a rigid 
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approach of gathering data. Furthermore, the researcher developed a relationship with 
the interviewees and may have elicited additional and confidential information. 
 
In comparison to questionnaire based surveys, Barriball and While (1993), Klein and 
Stumpp (2007) and Aktas et a. (2011) summarise the following advantages: 
 Overcome poor response rates: in order to avoid an unrepresentative sample 
and ensure the participation of under- or un-represented interviewees like in 
other studies. 
 Exploration of beliefs, attitudes, values and motives: in order to explore the 
respondents’ opinions, elicit complete information and explore sensitive topics.  
 Evaluation of the validity of the respondent’s answers: by observing non verbal 
indicators and in order to clarify interesting and relevant issues.  
 Comparability is facilitated by assuring all questions were answered by every 
participant: which is maintaining sufficient standardization  
 Completeness by handing in any missing information later via protocol. 
 
In another research project, Jarratt (1996) focused solely on the different approaches 
of semi-structured and non-directed interviews. The non-directed, or also called 
“laddering” technique, involved the use of directed probes and results in an 
understanding of the interviewee’s personal motivation. Both of the interview types 
were part of a multiple stage approach in which qualitative and quantitative 
methodologies were combined. The central research question was to what extent the 
preceding interview technique prepared best the following gathering of quantitative 
data.  
In his conclusion, the researcher supported both techniques to be included in the 
research design as the qualitative part prior to quantitative data gathering. However the 
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non-directed interviews provided a much deeper understanding in depth and breadth of 
the topic by revealing the emotional surroundings. 
In his research with discharged psychiatric patients, Gibson compared the approach 
and results of semi-structured with unstructured interviewing. He conducted four 
unstructured and four ones semi-structured and gathered the views of the respondent 
regarding the method used. The results were then compared using the Miles & 
Huberman’s (1994) model for cross-case analysis. 
'Findings related to comparative analysis showed that unstructured 
interviews resulted in greater depth and enabled positive and negative 
aspects of care to be identified in greater detail than semi-structured 
interviewing. Additionally, when asked to reflect upon the interview methods 
used, respondents found that unstructured interviewing allowed them to 
describe their experiences and expectations in greater detail than semi-
structured interviews'.(Gibson, 1998, p. 469) 
Additionally, he added that unstructured interviews were seen as not being as 
effective as structured ones because coding and quality can be problematic (Gibson, 
1998). This further approved the primary explanatory nature of semi-structured 
interviews and the exploratory nature being secondary. In the context of the objectives 
of this research project the former was more important than the latter. The elaboration 
of the relations between the determining parameter for decision making was the main 
result to be achieved. 
4.3.2.4 Comparable Approaches in Research 
Having discussed the appropriateness of semi-structured interviews, similar 
approaches in other research projects were highlighted to further justify the choice of 
methodology. 
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In general, Saunders et al. (2007) justified the use of semi-structured, non-
standardised, respondent interviews, fitting for exploratory and, furthermore, 
explanatory studies. Among other advantages, it seemed suitable for them for the 
following research situations and purposes:  
 The nature of the questions for the data collection. This accounted again for the 
exploratory and explanatory nature of the research. Large numbers of questions 
as well as complex and open-ended ones could be part of the interview. 
 The significance of establishing personal contact. The respondents could be 
much more likely to agree to be interviewed and provide sensitive but valuable 
information. Without the need to write anything down a much higher response 
rate could be achieved. Knowing the interviewer and establishing a personal 
rapport during the conversation let it feel much more appropriate for the 
interviewee to provide sensitive and confidential information.  
 The length of time required and completeness of the process could be 
managed much more easily. The interviewee did not have to cope with a 
lengthy and complex questionnaire because the questions and setting in the 
context were prepared and delivered by the researcher and the result was a 
transcript is completed without any further effort. The amount of time necessary 
was easily assessed as an appointment with defined end time can be arranged. 
(Saunders, et al., 2007) 
 
Several other research projects applied the semi-structured interviews as their 
methodology of choice. 
Marnewick and Labuschagne (2010) for example conducted an investigation into the 
governance of information technology projects in South Africa via 16 semi-structured 
interviews. This methodology was chosen because the researchers wanted to gain an 
in-depth understanding of the practice. They wanted to fully understand the subjects’ 
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experiences and find out more about the answers given whilst in the interview. Further 
aspects for their choice of this methodology were the potential development of a 
relationship with the interviewee and the flexibility during the interview. 
The researchers concluded that the methodology was successfully applied to begin 
to understand the level of the information technology governance in the South African 
context. The interviews therefore satisfactorily helped to reach the research objective in 
this case. 
 
Another research project, based on a semi-structured interviewing, was conducted 
by Barriball and While (1993) in the field of professional education among nurses. In 
order to overcome the threats to validity and reliability they selected this approach 
because 
the varied professional, educational and personal histories of the sample 
group precluded the use of a standardized interview schedule, and in order 
to explore respondents’ opinions, clarify interesting and relevant issues, 
elicit complete information and explore sensitive topics within each 
interview, some freedom to probe was essential. (Barriball & While, 1993, 
p. 334) 
They concluded that these interviews provided them with the best method to explore 
the perceptions and needs of the focus group. 
 
In another case, Mosimann et al. (2008) used the form of semi-structured interviews 
to develop and establish a reliable and valid methodology to identify and assess visual 
hallucinations in older people. 
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They piloted the North-East Visual Hallucinations Interview, abbreviated as NEVHI, 
in a study with a total of 125 older people with different degrees of risk of hallucination. 
The NEVHI-tool, or interview guideline, consists originally of fifty questions. 
The researchers concluded in their study, that the tool is a reliable and valid 
screening tool for the complex matter of hallucinations and their characteristics. They 
further summarize that a comprehensive assessment (of the mind) best includes 
interviewers and interviewees view. Finally the semi-structured interview allowed them 
a multidimensional assessment of the subject. 
 
One of the things these research projects had in common is their search for in-depth 
knowledge. The methodology was implemented for both exploratory uses, in order to 
find new statements, and explanatory uses, in order to discover the importance of and 
coherences between different aspects. 
In retrospective, the researchers evaluated the semi-structured interviews as fully 
appropriate to achieve their objects and provide the necessary validity of their found 
data. 
Another aspect that could be deducted from the similar approaches was that the size 
of the sample, or number of interviewed persons, was increasing when the nature of 
research was more explanatory (Mosimann, et al., 2008) and less exploratory 
(Marnewick & Labuschagne, 2010). 
 
The next methodological approaches described, were all based in the targeted field 
of logistics. 
In their study, Aktas et al. (2011) describe the use of structured interviews in favour 
of mass surveys via e-mail or use of the internet. Their aim was to find the triggering 
parameter for the outsourcing of logistic services. They preferred the direct contact via 
the personal interview which ensured a high response rate. Furthermore the mentioned 
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the possibility to correct misunderstandings and more detailed information to be 
obtained. In conclusion, their study portrayed several key findings on logistics 
outsourcing practices with the use of interviews. 
 
Roh et al. (2013) studied the key factors considered for selecting warehouse locations. 
They used semi-structured interviews with practitioners in order to classify such 
attributes in an exploratory stage of their research. They applied a purposive and 
snowball sampling for a total of 25 interviews. During such an interview, other potential 
interviewees could be suggested by the initial participants. The interviewees were all 
posted on the managerial level. This was important because of their influence on the 
decision making process. The researchers concluded that the methodology enabled 
them to verify their hierarchical structure of systematic decision making as result. 
However, they stated the limited generalisation due to the limited number of 
interviewees. 
 
Finally, Genchev (2009) used interviews to elaborate guidelines for managerial 
decisions relating to reverse logistics. Prior phone calls ensured the researcher of 
finding the appropriate interview partners at the companies before conducting 
unstructured interviews. The interviewees held executive positions related the topic of 
the research. The author was also observed during one interview in order ensure the 
requirements for anonymity and ethical and academic standards. He also used audio 
recording and notes to safe the gathered information. 
4.3.3 Conclusive Evaluation of the Interviewing Methodology 
The literature review in the field of semi-structured interviews examined the conduct 
and advantages as well as disadvantages of this methodology. Comparisons to similar 
methodologies, which might also be appropriate for the purpose of the research, were 
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drawn and finally similar approaches using this particular interviewing technique were 
described and quoted as an evidence for the appropriateness of the interviews in this 
context. 
The essential findings from the review for the preparation and conduct included the 
build-up of knowledge in the thematic of the topic warehousing as well as fundamental 
theories for managing innovations and the decision making process. A guideline had to 
be prepared to assist the flow of the interview and cover the relevant topics and 
offering enough openness for unexpected input from the respondent. Audio-taping 
ensured the completeness of the discussion for the transcript which had to be checked 
and approved by the interviewee. In order to elaborate the relevant and maybe 
confidential information, the relationship between the two partners of the discussion 
had to be on a trustworthy basis. This required personal and direct contact as well as a 
suitable environment during the interview. 
The approach undertaken for interviewing had to be described in detail to provide the 
best premises for validity. Furthermore probing and repeated questioning of important 
statements from different directions excluded misunderstandings and wrong 
interpretation. 
Bias from both sides, from the respondent’s or the researcher’s, had to be 
encountered with utmost freedom for the interviewee to express himself and his 
thoughts. This claimed for enough openness in the unstructured elements of the 
interview. 
In the comparison with other obvious methodologies, semi-structured interviews lie in 
their nature between the priorities of exploring new statements and theory and 
explaining the existing ones. From quantitative surveys to completely unstructured 
interviewing, this technique provided the best variation between the two poles on this 
background. 
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The examples of comparable approaches in other research projects gives proof to 
the chosen advance. 
This led to the conclusion of evaluating semi-structured interviews as appropriate in 
the context of this research thesis and for its objectives. The application of the 
elaborated criteria for the successful implementation of the methodology is described in 
the first part of chapter 6. The findings were analysed and discussed in the second part 
of the according chapter. 
4.4 Experiments 
After the survey stage, the technology MR had to be validated in the found criteria if 
and to what extent it could fulfil the elaborated needs. This was be done with the use of 
experiments, separately comparing the outcomes between MR and two already 
implemented, competing technologies7 in every prioritized aspect. 
Therefore the out coming results from the survey stage had to be implemented in a 
prototype. This prototype was using MR for the order picking process in a laboratory 
environment. The reduced environment was necessary for the control and elimination 
of unwanted variables. This greatly improved the internal validity of the experiment 
(Saunders, et al., 2007). 
4.4.1 Aim and Implementation of the Experiments 
Each prioritized aspect, concentrated from the interviews, was assigned a variable to 
be measured. The number of different experiments was dependent on the number of 
parameters to be measured. As some of the different variables permitted a parallel 
                                                
 
7 Quantitave criteria had to be measured against the technologies, the decision makers have mentioned 
in the foregoing interviews. 
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conduction, these without reciprocal effect had to be identified. A schematic of the 
experiments is shown in Figure 20: 
 
 
Figure 20: Flow chart of the experiments 
The setup of the experimental environment changed according to the parameters in 
order to better suit the different measurement purposes for qualitative or quantitative 
criteria. 
The collected data from the experiments were compared in each case to evaluate 
the difference between MR and the control technologies. The outcome was 
benchmarked to conclude whether or not MR had met the criteria, defined by the 
decision makers during the survey. 
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4.4.2 Discussion of the Appropriateness of Experiments for the Research 
The quantitative nature of the experiments fitted into the causal process of the mixed 
methods approach of the research. After the qualitative derivation of the decision 
making criteria during the interviewing stage, the performance of the technologies in 
these criteria were evaluated quantitatively. 
The appropriateness of the experiments as methodology for this research project is 
discussed in the following sub-chapters. 
The following Figure 21 is giving an overview over the course of argumentation: 
 
 
Figure 21: The four steps of argumentation for the experiment methodology 
Firstly, the conduct of the approach of experiments is explained and discussed. Then 
advantages as well as the disadvantages of the approach were set in contrast and a 
comparison to other potential methodologies for the research objectives was made. 
Lastly examples in similar approaches in research were analysed. 
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This process proved increasingly the selection of experiments as the applied 
methodology. 
A conclusive evaluation is rounding out the picture for the appropriateness of the 
chosen methodology at the end of chapter 4.4. 
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4.4.2.1 Conduct of Experiments 
The experiments provided the possibility to study factors of influence under 
conditions that were widely controlled (Meier, et al., 2012). Saunders et al. (2007) 
suggested using this methodology to study causal links, whether a change in one 
interdependent variable produced a change in another dependent variable, or not. It 
could be used for both, exploratory and explanatory purposes. Where in a classic 
experiment the experimental group and a randomly chosen control group would have 
been used, the groups changing in this research were the three order picking 
technologies. Bryman and Bell (2011) considered these as treatment group and control 
group. 
According to these researchers, the typical experiment approach involved the 
following steps: 
 random assignment to the groups 
 pre-testing 
 manipulation of the experimental treatment; yes for treatment group, no for 
control group 
 post-testing (Bryman & Bell, 2011) 
Saunders et al. supplemented the following points: 
 predefined hypothesis 
 a selected sample of individuals from a corresponding population 
 the samples were randomly allocated to different experimental conditions 
 planned intervention or manipulation 
 measuring a small number of dependent variables 
 whilst controlling all of the other variables (Saunders, et al., 2007) 
This list of relevant criteria when conducting experiments is detailed more critically 
during the literature review. 
Methodology 
 
 
 
 
 
- 71 - 
A foregoing definition of null hypotheses was also stated as the main starting point 
for any following testing in comparable research. Günthner et al. (2009) also suggested 
the change of technology as change of test and control group. The randomised change 
of the technology enabled the usage of the same group of participants for every order 
picking system. The randomised change was also supported by Bryman and Bell 
(2011) where groups had to be randomly assigned to attribute any difference to the 
manipulation of the interdependent variable. 
The randomised relation of test and control group, or technology went together with 
the identical conduct of the experiment process steps which were in the case of 
Günthner et al. (2009) was the same order of the picked goods in the laboratory 
environment. 
On the argumentation for the origin of the participants of the experiments, Saunders 
et al. adjudged a non-probability sampling as acceptable as 
'the experiment strategy is often used only on captive populations such 
as university students' (Saunders, et al., 2007, p. 138). 
Bryman and Bell (2011) furthermore indicated that a distinction had to be made 
between field experiments with real-life settings and laboratory with contrived settings. 
The stronger control over on any potential influencing parameters was important for the 
latter. These important aspects and factors of influence had to be considered when 
designing experiments (Meier, et al., 2012). Also Faes et al. (2011) agreed in this point: 
'The idea of factorial design is to observe the effects of the factors and 
their interaction on the measured responses with relatively fewer 
experiments. Factors can be quantitative [...] or qualitative' (Faes, et al., 
2011, p. 7059) 
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The randomised exposition of the participants may have had influence on certain 
learning effects. This effect in serial testing for the proof of any learning curve effect 
could have been sufficient for the learning effect for order picking in general, but was 
not sufficient to measure the learning curve with a specific technology as similar 
research projects found out (Günthner, et al., 2009). 
The last advice for the conduct of the experiments considered the suggestion of 
Torbica and Fattore (2010), to implement a pre-experimental pilot study. This tested 
the setup of the experiment and any potential undesired influences before the 
measurement of the relevant data. 
4.4.2.2 Advantages and Disadvantages of Experiments in the Context of the 
Research 
In general, the internal validity of experiments was considered very strong (Bryman & 
Bell, 2011) (Saunders, et al., 2007). However for some academics, the external validity 
is more difficult to establish (Saunders, et al., 2007). This had to be regarded during the 
design of the experiment conduct in this research. The feedback interviews after the 
completion of the experiments were one measure to address the external validity. 
Other threats to external validity and generalisation included: 
 interaction of selection and treatment (male majority in sample as depending 
variable?) 
 interaction of setting and treatment (can the results of a study be applied to 
another setting?) 
 interaction of history and treatment (can findings be generalised to the past and 
the future?) 
 interaction effects of pre-testing (pre-testing may sensitise to the experimental 
treatment) 
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 reactive effects of experimental arrangements (awareness of taking part in an 
experiment and therefore adapted behaviour) (Bryman & Bell, 2011) 
The question of external validity also concerned the discussion whether the findings 
were ecologically valid (Bryman & Bell, 2011). This concerned the transferability of 
findings in laboratory versus field experiments. Again, this influenced the overall 
methodological approach of getting a final feedback from experts of field applications. 
 
In order to eliminate possible effects of rival explanations of a causal finding the 
control groups were used to exclude the following: 
 testing (experimenter effect): getting used to experimental circumstances 
 history: events changing the experimental environment 
 maturation: changes would have occurred anyway 
 selection: random assignment to a group 
 ambiguity about the direction of causal influence (Bryman & Bell, 2011)  
This was enabled as the laboratory environment permitted controlling of experiments 
with great precision (Young, 1977). 
Another advice from Torbica and Fattore (2010) regarded the investigation of stated 
criteria, rather than actual ones. This meant hypothetical behaviour could be 
investigated rather than factual evidence. 
Again, this was covered by the mixed methods approach of this research. 
 
Sears et al. suggest experiments as methodology when the aim is to identify many 
multiple variables and investigate the effect of changing elements (Sears, et al., 2012). 
They advised to take care of the environment. 
When the technique under evaluation was intended for use in particular 
environments, it was necessary to include an assessment of the effect of that 
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environment in the trial. This favoured the special setup of the experiments in the 
laboratory. They concluded: 
'an experiment within this context, is a study of cause and effect and it 
differs from non-experimental methods in that it involves the deliberate 
manipulation of one variable, whilst maintaining consistency in all other 
variables […], whilst making reasonable attempts to keep control the 
relevant variables and maintaining environmental factors within pre-defined 
limits.' (Sears, et al., 2012, p. 146) 
This definition and limitation of the influencing any maybe undesired parameters was 
addressed by Wehking and Siepenkort (2013) in the specific context of consignment 
systems. They summarised the examples of the influencing aspects for performance in 
manual order picking to six parameters of influence: amount, way length, picking time, 
errors, weight and volume of the good. These could be defined in an experimental 
condition for comparison. 
In short laboratory experiments were considered the stronger and more distinctive 
approach compared to field experiments (Bryman & Bell, 2011). 
 
In summary, laboratory experiments offer far greater influence over the experimental 
arrangements when compared to field experiments. For both, the following limitations 
and considerations had to be borne in mind: 
 external validity difficult to establish 
 interaction of setting and treatment 
 interaction of selection and treatment 
 volunteers vs. non-volunteers 
 no interaction effects of pre-testing, no pre-condition existing 
 reactive effects 
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 ecological validity 
 experimental realism (Barad & Sapir, 2003), (Torbica & Fattore, 2010) 
The limitations of a study using experiments had to be acknowledged during conduct 
and analysis (Torbica & Fattore, 2010). 
4.4.2.3 Experiments in Comparison to Other Potential Methodologies 
During the review of comparing experiments with other potential methodologies, only 
the conceptual research emerged. Conceptual research makes concepts themselves 
the object of the research. It may be used for systematically clarifying concepts and 
seeks to undertake a logical clarification of concepts and analysis of the use of a 
concept (Xin, et al., 2013). 
The methodological discourse in the latest literature, however, focused more on the 
distinctive discussion of whether to apply field or laboratory experiments. 
Conducting a review and comparison of laboratory and field experiments in logistics 
and more specifically, in order picking, Lolling described the effects as the following: 
According to Lolling (2003), field experiments provide the best data basis for the 
evaluation of picking errors; on the other hand it is the most complex and time-
consuming methodology. Furthermore error rates in laboratory experiments tended to 
be higher than in field experiments. This is due to the professional experience and 
usually a higher quantity of goods per position(Lolling, 2003, p. 68f). His résumé 
however read that laboratory experiments had better influence on the relevant criteria 
that are the goal of the measurement and data generation or gathering (Lolling, 2003). 
This goes in unison with Bryman and Bell (2011) who concluded: 
'Experimental research is frequently held up as a touchstone because it 
engenders considerable confidence in the robustness and trustworthiness 
of causal findings.' (Bryman & Bell, 2011, p. 45) 
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In conclusion it could be stated that there were no relevant substitutes for 
experiments regarding the objectives of the research. 
4.4.2.4 Comparable Approaches in Research 
Many other research projects made use of experiments as methodology. As they 
were usually more or less specific and individual in their characteristics of conduct or 
approach, several other research projects were consulted for reference. 
Sears et al. (2012) conducted finger mark research with the identification of many 
variables. They used the experiments which 
'present[s] the key stages of the progression of a process from a 
laboratory concept to a tool used on operational work.' (Sears, et al., 2012, 
p. 145) 
They concluded that the difficulty and complexity in applying statistical models for the 
analysis and the results from the experiments should not be underrated. A typical 
experiment of their experiments consisted of 
'5-6 donors, 5-6 surface types, 5-6 depletions, and 2 ages of finger mark, 
which means 250-432 finger marks which are split in half and each treated 
with a different formulation.' (Sears, et al., 2012, p. 154) 
Their experimental structure was scalable depending on the intended purpose of the 
experiment. They restricted their approach to be eventually only be valid for the locality 
in which the tests were performed in. In summary however, their methodological 
approach could bring consistency to the standard approach of the law enforcement 
agencies (Sears, et al., 2012) 
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Alvarez and Rodriguez-Miguez (2011) examined patients’ self-interested preferences 
with empirical evidence from a priority setting experiment. They measured whether 
patients act according to self-interest in priority setting experiments, based on a ranking 
experiment. The perspectives a participant could adopt for preferences were personal, 
social, socially inclusive personal, depending on their personal situation. This was 
considered important when looking for unbiased decisions and opinions. 
They used a point system for evaluation and a sample of 85 affected participants 
and 220 from the general population in Galicia, Spain. They analysed the rationality 
with a non-satiation or dominance test. Their conclusion included the suggestion of a 
more general sample, which would not be exclusively local or regional. 
The findings from this study suggested not using any professional order pickers for 
the sample. They may have been biased and according to this study irrationally have 
falsified the result, which decrease the reliability of the findings. Overall, the experiment 
methodology was successfully applied to achieve the desired results of the study. The 
authors suggested the methodological approach to be replicated with other samples, 
for further grounding of the findings. However, this states the effective conduct of the 
methodology. 
 
Torbica and Fattore (2010) conducted discrete choice experiment (DCE). 
'The present study aims to evaluate the impact of cost-effectiveness 
information on clinical decision making using discrete choice experiment 
(DCE) methodology. Data were collected through a selfcompleted 
questionnaire administered to Italian cardiologists in June 2007 (n ¼ 129 
respondents, 1143 observations).' (Torbica & Fattore, 2010, p. 1536) 
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'Although relevant study limitations must be acknowledged, these 
findings have important implications of economic evaluation techniques and 
for the research community as a whole.' (Torbica & Fattore, 2010, p. 1542) 
They also concluded to deduct the field experiment on a broader and less regional 
basis. 
 
In choice feeding experiments with ruminant livestock, Meier et al. (2012) 
'used to assess the willingness of animals to ingest certain experimental 
feeds in a choice situation , i.e., when offering different feeds separately at 
the same time, thus determining their preference for, or the palatability of, 
different feeds.' (Meier, et al., 2012, p. 105) 
They aimed to improve the understanding of the feeding behaviour when conducted 
indoors on pasture. They broadly discussed the important aspects and factors 
influencing the design of the feeding experiments. Furthermore, advantages and 
disadvantages of short- versus long-term experiments were discussed. 
They admitted the important limitation for their results in the specific situation in 
which the experiment took place. Any expectations for other situations would have to 
be derived with care. They drew four main conclusions. Firstly, previous experience of 
the sample had to be taken into account. Secondly, the design of the methodology had 
to express real preferences without social interventions. A short time experiment 
provided better feedback as long term experience might involve any post experimental 
effects. They relied on their control group to reduce any incorrect findings. 
The stated the outcomes to be only valid for the specific situation investigated. Thus 
any extrapolation of the results had to be conducted with care (Meier, et al., 2012). 
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Faes et al. (2011) applied the design of the experiment approach to the reducing and 
oxidizing tolerance of anode supported solid oxide fuel cell. 
Their efficient application and derived quadratic models gave a significantly better 
experimental fit compared to linear models before. The major advantage of this work 
was its wide domain of experimental space, covered with a reduced number of 
experiments. 
 
In the field of logistics, the following research studies are consulted for the 
justification of the methodological choice. 
Günthner et al. (2009) conducted experiments of an Augmented Reality based order 
picking system. They alternated laboratory and field experiments. Their aim was the 
proof of a technological concept of AR assisted picking and they stated their last 
laboratory experiment as capable of evaluating the research as successful. 
 
Lolling (2003) examined the human factors and influence on the error rate in order 
picking. He did so in two steps. Firstly, he conducted field experiment for fundamental 
research. Secondly he implemented a laboratory experiment in order to research the 
error rates and their causes in a controlled environment. 
 
In their study about production smoothing in supply chains, Cantor and Katok (2012) 
used the controlled setting of the laboratory for their experiments. As setup for the 
experiment, they designed a two-echelon serial supply chain based on the beer game 
for the simulation of the bullwhip effect8. They manipulated two factors and included 
106 participants in their experiments. The participants were undergraduate student who 
                                                
 
8 The beer game is a simulation of the communication problems within different tiers of a supply 
chain. It uses beer crates as simple products to sell and order. Usually, the effect of the simulation cause 
the participants to order and sell uncoordinated leading to very high and very low inventories at different 
tiers at the same time. This effect is referenced as the bullwhip effect. 
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were paid to take part in the experiments of approximately 60 minutes. Within their 
study, the authors found first empirical evidence of predictable seasonal demands and 
the smoothing reactions of retailers. 
 
Finally, Barad and Sapir (2003) framed a multi-factor design of experiments that 
considers factors representing changes in operational and environmental conditions of 
logistics systems. They used this to measure flexibility and performance of logistic 
systems in order to understand logistic decision problems and their eventual solutions. 
As a distinction, the design of the experiments was a multi-purpose technique that 
could be applied to physical as well as to simulated experiments.  
'Its great advantage is a methodical examination of the factor effects and 
especially of their interactions that may shed light on more complex aspects 
of a decision problem.' (Barad & Sapir, 2003) 
 
The literature review for similar research approaches, using experiments, showed 
that this methodology is very prevalent. The wide areas of the different projects indicate 
the general applicability of the methodology. The methodology is also widely common 
in the field of logistics. 
The individual characteristics and advices of the successful projects have to be 
considered for the conduct of the experiments within this research. 
4.4.3 Conclusive Evaluation of the Experiment Methodology 
The experimental stage of the research was a fundamental step for the evaluation of 
the methodological approach and the findings. The objective was to evaluate the MR 
prototype against competing technologies in manual order picking. 
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In order to ensure the methodology fits the purpose of the research and was 
applicable, relevant literature was consulted. This included methodological discourses 
as well as comparable approaches in other research projects. In this regard, 
experiments can be considered as widely applicable and cautiously set up. The 
characteristics of the conduct and analysis of the measurement and data could have 
been influenced by many undesired or unforeseen parameters. Laboratory experiments 
offer a much more controllable environment thereby. 
Therefore the setup as well as the conduct of the experiments and the analysis of 
the data was described in detail in chapter 7 “Laboratory Experiments”. This ensured 
the reliability of the approach. The internal validity of the methodology was considered 
as already strong by the majority of the consulted literature. The weakness of the 
external validity was targeted via the follow up of the feedback interviews. 
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5 Preliminary Derivations and Testing of Mixed Reality in Manual 
Order Picking 
The literature review discussed the basic theories as well as the latest developments 
in the three fields of the thesis: logistics, MR and innovations management. Also two 
prototypal implementations of MR in logistics were introduced. When summarizing 
these findings, the question arose, what is the proper way to implement an MR 
assisted order picking system in an industrial application. However, before following 
this path, a principal feasibility study evaluated if the technology is basically fitting to 
the field of application. Therefore a field experiment with a prototypal version for a 
running industrial consignment process was carried out. This answered the question “if” 
MR is suitable for further evaluation in order picking. 
5.1 First Test in Order Picking 
The goal of the field test was to see, whether MR could be used for order picking or 
not. This did not evaluate the degree of fitness, but the basic applicability. This showed 
that the users can work ergonomically with the equipment needed for the prototype, 
that they are accepting a new, innovative technology and the decision makers are 
willing to get to know this new possibility. This form of approach was chosen for its 
exploratory nature (Saunders, et al., 2007). 
To gather first hand experience and evaluate the first reactions caused by the 
implementation of a mixed reality system in a logistic environment, a very basic 
prototype for order picking was assembled and tested with an industrial partner. 
The evaluated criteria of the test were as follows: 
1. Are the decision makers willing to give the new technology MR a chance in their 
everyday working process? 
Preliminary Derivations and Testing of Mixed Reality in Manual Order Picking 
 
 
 
 
 
- 83 - 
2. Are the employees willing to work with the technology and accept for that the 
ergonomic state of a prototype? 
3. Is MR assisting an order picker in an already established picking process? 
 
The first criterion was answered by the conduct of the test itself, to which the 
decision makers of the participating company gave their agreement. The employee’s 
attitude towards adoption of the technology was gathered via a feedback interview. The 
last criterion of MR assisting the order picking process was measured via the 
performance enhancement of the necessary picking time. 
The industrial partner was using pick by scan as only technology before the start of 
the test. This was therefore the control technology for the MR prototype. During the 
process of the experiment, the prototype was named VEPS as abbreviation for Visually 
Enhanced Picking System. 
The abstract setup of the experiment is shown in the following Figure 22: 
 
 
Figure 22: Setup of the VEPS experiment 
In the following, the descriptive parameters of the experiment are described in the 
specified setup. 
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5.2 Setup of the Experiment 
The company was picking their orders with the help of barcode scanners and mobile 
data exchange with a self-developed warehouse management system. The established 
process could be used to adapt the prototype to the same information exchange and 
the employees only got an introduction to the information presentation and workflow 
design of the VEPS.  
The prototype consisted of a pocket computer connected to the warehouse 
management system of the partners warehouse, a head mounted display for the 
visualisation of the order data and a key-pad for basic interaction. The prototype can be 
seen in the following Figure 23: 
 
 
Figure 23: Prototypal version of order picking with a head mounted display. The 
prototype was called VEPS (Visually Enhanced Picking System) 
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It has to be noted that the HMD was connected via two cables to the mobile 
computer. One connection was for the power supply, the other one was for the data 
transmission in form of a VGA signal. This increased the necessary weight to be 
carried around. The prototype was fully connected to the WMS of the company and 
supplied live data to be used during the measurement. An additional cable connection 
was necessary for a number pad to input the check digit during the picking process. 
In contrast to the laboratory experiments following later on, the influencing 
parameters during the measurement could not be regulated as well. At this stage of the 
research however, these influences could be neglected as not the quantitative 
evaluation was in focus, but the principal applicability. 
During the experiment the performance of one of the workers was measured. The 
orders consisted mainly of one picking position each. Regardless of this, time 
measurement started with the collection of a new order and ended with the submission 
of the order to the next process step. The total time was then divided through the 
number of picking position, thus providing the mean time per pick. The time was 
measured for four weeks in a row, starting with the barcode technology in the first week 
to measure the actual performance. Afterwards the VEPS was implemented and 
measured three weeks in a row. 
After the three weeks of using the technology, the worker took part in a feedback 
discussion with the worker to provide his feedback. 
5.3 Analysis of the Field Experiment 
The three different aspects of the experiment were analysed separately and 
according to their nature of data. The three aspects were: 
 the decision maker’s consent to the experiment 
 the employee’s feedback 
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 the performance measurement 
The analyses are presented and discussed in the following sub-chapters. 
5.3.1 Decision Maker’s Consent 
The contact list of industrial partners of the researcher and the Faculty of Business 
Administration provided the basis for applications for the field experiment. 
An industrial partner was acquired who was willing to implement the prototype of the 
visually enhanced picking system after a short presentation of the hardware, the 
researcher and the approach. This positively addressed the first question of the field 
test, that decision makers are willing to give MR a try in their established processes. 
Due to what reasons the consent was given, remained undetected at this point of the 
research. 
5.3.2 The Employee’s Feedback 
During and after the measurement phases, the employee was asked about his 
feedback on the VEPS and any potential improvements about the system. His main 
critical points about it were: 
The system was very heavy to wear, even for only an hour. The fastening of the 
display was very firm and a bit uncomfortable. The many cables hindered any fast 
movements of the arms and were complicated to attach when putting the system on. 
The GUI provided almost all the information at the same time which made it sometimes 
difficult to focus on the relevant parts. 
As advantages of the VEPS the user mentioned: 
It was very interesting to use. The hands were free from the technology. This made it 
easier to work and sometimes enabled the worker to transport bigger goods without 
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any assisting tools. The concentration of the display allowed for very fast picking, 
without having to stop in order to interact with the device. 
After the four weeks of the field experiment, the worker was asked about his final 
feedback and whether he was willing to work again with the technology in the future. 
With regards to the ergonomic disadvantages he was very satisfied with the 
performance enhancement and the ease of use of the system. The feedback of the 
employee and his recommendation could be summarised as partially positive and 
partially negative, depending strongly on the characteristics of the ergonomic. 
5.3.3 Performance Enhancement 
The time measurements of the picks were conducted once per week. Due to the 
pragmatic nature of the order generation, the number of picks that could be measured 
on each day varied. As a summary, Table 2 is showing the number of positions 
measured in each week: 
 
Week: 1 2 3 4 
Number of Positions: 84 46 72 63 
Table 2: Quantity of the picking positions measured 
For discussion of the data, the times per pick per week were tested for normal 
distribution and for significance. The testing for normal distribution was processed with 
a one sample Kolmogorov-Smirnov test. The significance level α was set at 0,059. 
The results of the tests are presented below: 
 
                                                
 
9 The discussion of the applied nonparametric and significance tests were discussed in the analysis 
section of the laboratory experiments in further detail. It can be found in chapter 7.2.1.1. 
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Hypothesis Test Summary 
 
Null Hypothesis Test Sig. Decision 
1 
The distribution of Week0_Scan is 
normal with mean 41,21 and 
standard deviation 13,50. 
One-Sample 
Kolmogorov-
Smirnov Test 
,004 
Reject the null 
hypothesis. 
2 
The distribution of Week1_VEPS 
is normal with mean 43,00 and 
standard deviation 10,23. 
One-Sample 
Kolmogorov-
Smirnov Test 
,567 
Retain the null 
hypothesis. 
3 
The distribution of Week2_VEPS 
is normal with mean 40,64 and 
standard deviation 12,72. 
One-Sample 
Kolmogorov-
Smirnov Test 
,086 
Retain the null 
hypothesis. 
4 
The distribution of Week3_VEPS 
is normal with mean 35,89 and 
standard deviation 10,29. 
One-Sample 
Kolmogorov-
Smirnov Test 
,006 
Reject the null 
hypothesis. 
Asymptotic significances are displayed. The significance level is ,05. 
Table 3: Nonparametric tests of the underlying distributions of the measured times 
per pick 
As the null hypotheses for week 0 and 3 had to be rejected, no normal distribution of 
the samples could be anticipated10. A further testing for significance was therefore not 
possible and the distribution of the sample results, involving medians and quartiles was 
applied. This provided the following results: 
 
  Week 0 Week 1 Week 2 Week 3 
Q1 33,59 36,78 33,20 29,20 
Median 38,49 42,09 39,75 34,53 
Q3 44,12 48,26 44,59 38,21 
Table 4: Quartiles of the measurement 
It can be seen that from week 1 to week 3 all of the values, Q1, Q3 and the median, 
are decreasing. In week all three parameters are lower than the comparison values of 
week 0 with the scanner. This indicated that after a certain learning period, the worker 
                                                
 
10 The detailed test results can be found in appendix 11.1. 
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was faster with the VEPS prototype when compared to the initially used technology. 
The worker seemed to get used to the tool and understand its advantages for his task. 
The measured times were allocated in a box and whisker plot which can be seen in 
Figure 24. Week zero displays the distribution before the implementation of the 
prototype. Weeks one to three state the progression after the implementation. Using a 
box and whisker chart made it possible to evaluate the distribution of the measured 
picking time on the timeline. 
 
 
Figure 24 : Box and whisker plot of the time per pick distributions per week – The 
whiskers are set to minimum and maximum results in order to show the complete 
spread of the data for every week. 
As can be seen the spread of the distribution for the VEPS was increasing over the 
time of the experiment. However the spread was still lower compared to the 
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measurement of the scanning process. The amount of data was not sufficient enough 
to deduct the influence or any significance in regard to the distribution of the data and 
the technologies’ influence. The spread could have been influenced eventually by the 
technology or by particular long distances for the pick or any other unknown parameter. 
The main result of the performance evaluation remained the increased picking 
performance when using the VEPS. 
5.4 Conclusion of the Field Experiment and Implications for the Following 
Research Stages 
The field experiment was prepared and executed to gather first reactions from the 
users and to evaluate the applicability of MR in order picking. There were three 
questions to be answered by the experiment in order to evaluate the necessity of a 
further methodological approach of the research area. 
Firstly, the decision maker’s consent to the experiment was achieved successfully. 
An industrial partner was willing to take part in the experiment and provide his 
environment, employee and testing with real and live data. 
The feedback of the employee was twofold. On the one hand, he enjoyed working 
with the technology from the information side as it was easier to use and he had both 
hands free. On the other hand, the hardware was quite heavy and unwieldy. This 
question could only be partially answered positively. 
The performance measurement of the necessary time per pick showed an increased 
number of picks per time. This aspect was strongly enhanced by the technology 
Overall it could be stated that the VEPS was applicable to the process of manual 
order picking. This enabled the development of the evaluation methodology of the 
fitness of MR and manual order picking by using the mixed methods approach. 
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6 Semi-Structured Interviews with Budgetary and Authoritative 
Decision Makers 
The following chapter describes the application of the semi-structured interviews in 
the research project. 
The encompassing aim and objective of this research step is explained, as well as 
how the methodology was embedded in this context. Based on the methodology’s 
discussion in chapter 4.3, the particular approach, structure and conduct of the 
interviews was derived. This included contributions from the literature review in the field 
of the research. The build-up of the used interview guideline and the procedure are 
explained. The sample, respectively the interviewees, are presented and analysed as 
their background was important to understand the meaning and evaluation of their 
individual input and the validity of the research. 
The interviews were then analysed and the results for the further research deducted. 
The impact of the findings on the following experimental stage was derived and 
prepared. 
Finally, the application of the interviews was summarised. 
6.1 Interview Structure 
The deduction of the guideline as well as the procedure of conducting the interviews 
is described in the following chapter. This included the objective to be achieved by 
using this methodology as well as the influence from the literature review and the 
corresponding application and way of performing the preparation, conduct and post 
processing. 
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6.1.1 Objectives of the Interviews 
The overall objective of the research was divided into two sub-objectives which build 
up on each other. Following the description of the research approach, the two 
objectives were firstly the definition of the procedural requirements of manual order 
picking from new technologies and secondly the evaluation of the abilities of MR to fulfil 
these needs. 
The semi-structured interviews were used to achieve the first objective and 
therefore, the focus during this step was on: 
Finding the determining criteria and aspects for the use of assisting 
technology in the area of order picking. 
The following Figure 25 highlights the focus of this step: 
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Figure 25: Conducting the interviews with experts represents the first step in the 
context of the research. 
The results from this step were the necessary foundation for the further research. 
This applied especially for the formulation and aim of the questions. Stated as the 
objective, it was the purpose of the interviews to work out the determining points from 
the interviewees, respectively the authoritative and budgetary decision makers, in 
typical companies which apply order picking. 
Besides the focusing background of the focusing questions, this part of the research 
could also be seen as self-contained. The application of the methodology and its 
exploratory and explanatory use, as well as their analysis presented a research result 
in their own. 
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Regarding the characteristics and peculiarities when applying this methodology, the 
whole process of interviewing was presented in-depth. This allows any researcher to 
follow and understand the implementation and results and provides the basis for the 
validity of the execution and deduction (Barriball & While, 1993) (Saunders, et al., 
2007). 
6.1.2 Conduct of the Interviews 
The conduct of the interviews was divided into the four main steps preparation, 
interview appointment, protocol and the preparation of the data for the following 
analysis. 
Figure 26 is showing this process with the corresponding sub-steps. The approach 
was the direct result from the literature review and the discussion of other 
contemporary research projects in the foregoing chapter 4.3. 
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Figure 26: The interviewing process 
The different steps are explained in detail on the following pages. The development 
of the interview guideline and the build-up of the sample represented the two main 
criteria for the validity and analysis of the interviews. Therefore they are presented in 
separate sub-chapters. 
Preparation of 
the Interview 
• Literature review 
• Approval of the ethics protocol 
• Developing the interview guideline 
• Selection of the sample / interviewees 
• Establishing contact and arranging appointments 
Interview 
Appointment 
• Environment of the meeting 
• Introduction 
• Formalities: research background, transcript, taking notes, 
audio recording, right to refuse and withdraw at any time 
• Guideline of the questions 
• Interviewing 
• Summary 
Documen-
tation 
• Collecting the hand written notes and the audio file 
• Writing up the transcript 
• Protocol  
• Feedback: missing data and extended input 
• Approval from the interviewee 
Preparation of 
the Data 
• Formatting the transcript 
• Hiding obsolete comments 
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6.1.2.1 Preparation of the interviews 
The foregoing preparation of the interviews included the researcher’s build up of 
knowledge as well as formal regulations to follow and the application of contemporary 
research projects and their results in the conduct of this interviewing stage. 
The appropriate level of knowledge of the researcher was achieved via the literature 
review in the three fields of the background topics MR, order picking and innovations 
management. This was rounded off with the in-depth review and discussion of the 
appropriateness of the methodology in this case (Saunders, et al., 2007). 
The so elaborated approach was defined and proposed to the ethics committee of 
the University of Plymouth for approval and before any implementation or contact to the 
interviewees. 
Foregoing to having made the arrangements for the interviews to take place, the 
guideline for the interview and the documentation was derived. The content and 
structure as well as the foundation for the development of the guideline are explained 
in chapter 6.1.3. 
Possible interviewees were then derived and therefore the size of the sample. This 
step was following the development of the guideline, as the elaboration of the 
questions and therefore the more concrete topics could have influenced the choice of 
possible interviewees. They could then be specified according to their appropriateness 
and valuable input for the research (Marnewick & Labuschagne, 2010). The exact 
determination of the size of the group and the interviewees themselves are described 
in chapter 6.1.4. 
Contact with the interviewees was then established and the research project 
introduced. According to their willingness to proceed, the interviewees got sent the 
ethics protocol, serving as formal approval to be part in the research and further 
information. Appointments for the interview itself were arranged when and where 
possible. It is to mention that most of the interviews were conducted during a personal 
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and one on one meeting. Two interviews were conducted via the use of computer 
based audio conferencing (i.e. Skype11) on to phone numbers due to the long distance 
between researcher and interviewee. Using the conferencing tool made it possible to 
audio record the discussion parallel. This mode of conducting the interview was 
accepted for the research in reference to Saunders et al. (2007). 
6.1.2.2 Interview appointment 
Three interview partners agreed to meet in the environments of their employing 
company. In each case, a conference room was prepared to provide the necessary 
quiet and undisturbed environment. The interviewees scheduled their absence for any 
other appointments, including switching their cell phone into the silent mode. The 
interview partners called via conference tool also prepared an undisturbed environment 
in their closed bureaus, according to their own statements. 
The interviews were conducted solely in German. This approach was taken because 
of the fact that all participants and the researcher had German as their mother tongue. 
Furthermore this prevented any additional form of misunderstanding for the participants 
due to a different command of a foreign language. It also assisted the easy flow of the 
conversation and prevented any form of language related or psychological barrier for 
the provision of information 
The interview then started with an introduction, including the following points and 
clarification of formalities: 
 introduction of the researcher and his role in the project, as far as unknown by 
the respondent so far 
 introduction of the interviewee 
                                                
 
11 Skype is a video conferencing tool from Skype Communications SARL used for video and audio 
calls via personal computers and smart phones (Skype Communications, 2012). 
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 objectives of the research: in general, of the interviewing stage and the 
following experiment phase 
 mode of taking down notes during the interview and audio-recording it 
 reference to the ethics protocol and the respondents rights to refuse and 
withdraw any input 
 guideline of questions for the interview 
No respondent had been given the interview guideline before the interview. This 
assured that the questions were set in the right context during the dialogue and any 
misunderstandings could be clarified before the interviewee might have become biased 
in any way. 
While taking down notes on the prepared printout of the guideline started with the 
beginning of the introduction, the audio recorder was turned on after approval from the 
respondent. In reference to the literature discussion for interviewing, this was the best 
mixture for getting as many information as possible in the right context and 
understanding. This refered to both, the proper documentation of everything discussed 
and not losing any input and to develop rapport between both interview partners and 
getting as much information as possible through it (Barriball & While, 1993), (Cohen & 
Crabtree, 2006). One respondent declined the use of the audio recorder and only hand 
written notes during the questioning were taken down. 
After completing the guideline and questions, the interviewee was informed about 
the subsequent steps of the documentation. 
In total the time necessary for the interview appointment turned out to be between 85 
minutes for the shortest and 123 minutes for the longest interview. The time varied 
according to the depth of the discussion and the eloquence of the interviewees. 
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6.1.2.3 Documentation 
The notes and audio file of the interviewee were collected afterwards and a transcript 
of the interview was written down in the next following days and before any other 
interview took place. This ensured not to miss or mix up any information from different 
interviews (Saunders, et al., 2007). 
The raw documents were saved with an identification number to link notes, audio file 
and transcript. At this point, any information leading to the identification of the 
interviewee was unnecessary for the further research and deleted according to the 
ethics protocol. Also, the documentation was conducted in German. 
Upon completion, the transcripts were sent back to the respondents to ensure being 
accurate and authentic copies of what was said during the interview. In most cases, the 
interviewees were missing some data which they were then able to write in additionally 
the transcript in addition. Furthermore, they had the opportunity to change and remove 
anything they were not comfortable with (Marnewick & Labuschagne, 2010). The 
transcripts provided the basis for the analysis using a computer aided qualitative data 
analysis software (abbreviated as CAQDAS in the following). 
The interviewee then sent the transcript back, together with the approval of using it 
for the objectives of the research. 
All of the interview appointments and the documentation process, including approval 
of the final transcripts, took place over a period of three month. 
6.1.2.4 Preparation of the data 
As the final step before the analysis, the approved transcripts were formatted. No 
content of the transcripts was changed and only optical formatting applied. This 
included the deletion of obsolete tracing comments of older changes in the document 
and the page formatting. 
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6.1.3 Structure of the Interview Guideline 
The structure of the interview guideline had nine segments. The different segments, 
their specific content and aim are described in the first sub chapter. 
According to the discussion of the methodology’s abilities and peculiarities to take 
into account, the methodological structure is presented secondly. 
At last, the input from the literature review (in the three fields of MR, logistics and 
innovations management) for the list of questions is stated. This represented the 
knowledge base at the start of this research step.  
The into English translated interview guideline can be found in appendix 11.2. 
6.1.3.1 Segments of the Interview Guideline 
The guidelines nine segments are described in the following. The three last 
segments were to be mentioned particularly. The third last section consisted of pre-
formulated criteria, which the interviewee had to rate according to their importance. 
This was supported by a figure of the adapted TAM-model to assist the discussion. The 
last section offered the opportunity for the interviewee to add any additional information 
he or she thought of important and contributing to the topic. Altogether, the guideline 
consisted of 42 prepared questions. 
The Figure 27 below shows the nine segments and their sequence. More details and 
each one’s content and aim are described on the following pages. 
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Figure 27: Segments of the interview guideline 
 Introduction 
This step aimed for the proper formal introduction of the two participants of the 
interview, the researcher and the respondent. 
The contents have already been introduced in the foregoing chapter 6.1.2.2. With 
regards to content, it included no questions for the research objectives, but offered the 
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possibility for the interviewee to ask questions on his or her behalf. The main objectives 
were the formal clarification of any concerns and the opening for the following topic. 
 
 Company and Interviewee 
This section aimed to classify the company and the interviewee and therefore the 
background of the respondent. The input given could be sorted within the sample. 
The questions included the size of the company (number of employees, turnover, 
etc.) its industry and core competencies. Concerning the interviewee it was asked for 
his or her position and responsibility in the organizational structure and the years of 
affiliation. 
 
 Investment Process and Behaviour 
The next topic discussed was the investment process. Objectives were to 
understand the general process and relevant criteria for the decision making of the 
individual and within the company. Specific questions included the investment level and 
whether or not a calculation of the return on investment (abbreviated as ROI in the 
following) was used or even mandatory. The nature of any consideration of a ROI was 
also elicited. 
 
 Warehousing and Order Picking 
The importance of the warehousing tasks and especially order picking was to be 
determined. This was necessary, as there was a broad range from core competency 
for, for example, contract logistic partners who earned money with almost only this kind 
of service to only an auxiliary process which may have been close to being outsourced 
to said service providers. 
The performance indicators of the whole warehousing and the order picking process 
were discussed, as well as their trend over the past years. Further questions were 
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about the picking technology used and whether there were any picking strategies 
applied, like for example multiple order picking or milk run routes. 
The influence of the consignment process on the warehouse and with it the leverage 
of the potential for optimisation was asked for. 
 
 Potential for Optimisation in Order Picking 
This part asked the interviewee about the necessity of any optimisation and what the 
main points to improve were. 
If no need existed to improve the performance at present, the respondent was asked 
to formulate what would be the probable focus for an improvement. 
 
 Specific Investment in Order Picking 
Once again, this section took up the investment process, but this time with the 
concrete focus on the consignment process. 
The questions aimed for the evaluation of different aspects that were expected from 
an investment in this process. Firstly, the questions were formulated open and on a 
general basis. The follow-up questions then went into more detail with certain aspects 
like cost, performance, opinion of the employees and the linkage to connected 
processes. 
The last objectives were to what extent a proof of concept had to be provided and 
what events triggered a replacement of technology. 
 
 Technology Acceptance Model-Criteria (TAM) 
In this segment, different aspects from the questions before and the adapted 
technology acceptance model for complex technologies were to be rated by the 
interviewee. As discussed in the literature review in chapter 2.3.5, the adapted model 
according to Rao (2004) was used. These different aspects had to be evaluated by the 
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respondent from 5, which he or she regarded as very important, to 1, which meant not 
relevant. This section included twelve criteria to rate in the three fields of technology, 
ergonomics and employees. The criteria cost was not considered, but the respondent 
was asked to add any additional aspect he or she found important to. 
 
 Figure of the Adapted TAM 
The guideline included a figure of the TAM. It served as support between the rating 
of the specific criteria and the more open and final discussion in the last part of the 
interview. The figure helped to question any corresponding parameters to the ones 
mentioned by the interviewee in the open sections. 
 
 Space for the Interviewee’s Own or Additional Input 
This section offered time and space for the interviewee to add additional input he 
mentioned during the interview and that was not part of any of the other sections. It 
was also the conscious point during the dialogue, where the respondent was asked 
whether he thought anything was left out or should be part of the questioning. This was 
the most open part of the interview. 
 
6.1.3.2 Methodological Structure 
Provided with the results from the literature review for the interviewing methodology, 
the specific peculiarities were taken into account for the development of the guideline. 
These were probing, open questions and the level of knowledge of the researcher. 
 
Primarily, probing wanted to ensure that any information given during the interview 
was understood in the right meaning and context. It also gave the interviewee 
opportunities to complete certain aspects and complete them (Barriball & While, 1993), 
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(Saunders, et al., 2007). Questions in the guideline therefore addressed certain topics 
twice or more, sometimes from different point of views and basically being more 
general at first and more specific in the following (Bryman & Bell, 2011). 
Examples for this were the questions about the cost or level of investment necessary 
for a new technology.  
In the third section of the guideline, the first questions on this topic were: 
How important is the investment level? 
Is there any focus on a ROI (return on investment)? 
This took care of the grounded and mutual understanding of the topic investment. 
The afterwards following question allowed the respondent to elaborate further and gave 
weight to the elaboration of this aspect: 
If yes [, there is a focus in a ROI], what are the criteria? 
The question for this topic was raised again in the 6th section, with the following 
question: 
How important is the price / cost? 
This ensured to reconsider this topic after certain other aspects had been discussed 
and the interviewee may have gained a different point of view. 
It can also be seen in this example, how this criterion was specified from a more 
general to a more detailed angle. 
Together with the repeated questioning, this prevented also any form of bias, 
regardless whether from the interviewer or the respondent. The multiple questioning 
assisted in avoiding any bias (Cohen & Crabtree, 2006). 
This ensured the necessary validity for the research as the deductions could be 
based on more answers. This stabilizes the results (Saunders, et al., 2007). 
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The second methodological entity to be considered was the use of open questions. 
For both, the exploratory and the explanatory use of interviews, unforeseen and 
unexpected answers were elicited. Only the unstructured and open parts of the 
guideline left the possibility for this Kvale (1996) (Bryman & Bell, 2011). 
It furthermore enabled the respondent to express his or her opinion and perception 
with the use of own words and line of thought (Barriball & While, 1993). This supported 
the positive perception of the research topic and led to greater detail and depth of the 
information provided (Gibson, 1998). 
Examples for this form of questioning in the guideline were: 
What are general criteria for investments? 
Is there any need for optimisation? 
What is expected from a new order picking technique? 
What events trigger a change in technology? 
Following the tendency to start the guideline with more general questions, these 
open formulated questions were also to be found more often in the earlier parts of the 
interview sections. 
Finally an open question required the interviewer to refrain from implementing, even 
unintentionally, any form of bias. The questioner per se was limited in his potential to 
influence this part of the research process (Saunders, et al., 2007). Probably even the 
respondent was less able to deduct any form of desired answer. 
 
For the required level of knowledge, the discussion of the latest literature in the 
research fields in chapter 2 set the foundation. This enabled the interviewer not only to 
prepare the guideline properly, but also the follow the discussion with the interviewees 
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properly. In the end, the respondents were the experts and a proper understanding of 
the subject discussed, and therefore precise questions, assisted to create the rapport 
necessary between the two participants (Saunders, et al., 2007), (Marnewick & 
Labuschagne, 2010). 
The specific contribution of the literature review and the knowledge level for the 
guideline are presented separately in the following chapter. 
6.1.3.3 Input from the Theories: Mixed Reality, Logistics, Innovations 
Management 
This section describes the influencing theories for the interview guideline. Deducing 
from the literature review, the main theories are stated and examples from the 
application in the guideline are given. The examples are not exclusive. For all the 
questions and a complete guideline, please refer to the appendix 11.2. 
In the field of MR, one input was the possibility to adapt the information 
representation. This included the adaptation of the old process into the visually and 
acoustically new form, as well as new manifestations, that had not been possible or 
thought of so far (Alt, 2003). 
One question targeting this issue was: 
What is expected from a new order picking technique? 
The question was complemented by several rating criteria for performance, quality 
assistance and the stress level in the seventh section. 
Another concern was the procedural influence of MR. This addressed the complexity 
of the process to be displayed (Alt, 2003). There were again the rating criteria for 
performance and quality assistance in the seventh section and questions such as the 
following: 
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Are connected process (foregoing or following) also in focus for 
optimisation? 
The display unit was more of technical issue and only in an ergonomically sense of 
concern for the user (Patron, 2004). This led to questions like: 
What criteria are important concerning ergonomics and where are limits? 
The specifications of any tracking system necessary for MR with navigation 
purposes was left out, since it was not relevant at this stage of the research. Stating 
this technical possibility without any relation to an advantage for the user would have 
influenced the approach and may have led to a biased answer (Müller, 2001), (Alt, 
2003). 
 
For the field of logistics, one elaborated aspect was the competition in warehousing 
(Reif & Walch, 2008). This led among others to the following two inquiries: 
How important is the process of order picking / warehousing within the 
company (core competency or close to being outsourced)? 
What are the main points for optimisation? 
The necessity of optimisation was then questioned further. This included the change 
in the intended performance (delivery times, shorter response times, quality, flexibility, 
variety) (Gu, et al., 2007): 
Is there any tendency concerning the performance indicators? 
The prevailing picking methods had to be documented for any further analysis (de 
Koster, 2004): 
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What is the order picking strategy (multiple steps, shifts, limiting 
parameters)? 
Additionally the used order picking technology in the interviewees environment and 
any foregoing experience had to be documented as well (Ehmann & Kaiser, 2009), 
(Vogt, 1997), (Gudehus, 2002), (Reif, et al., 2010): 
What order picking technique is used? Was or is there any tendency? 
Performance indicators and volume for warehousing to be handled / 
achieved 
Finally, as the initial review showed the high cost level of the consignment process 
(up to 55 percent), the individual case had to analysed as well (de Koster, et al., 2007): 
What influence has order picking on the cost structure of the warehouse? 
Leverage potential for optimisation 
 
Mainly three theories in the area of innovations management contributed to the 
structure and content of the guideline. 
First of all, there was Rogers’s (2003) diffusion of innovations. Especially the 
decision making process of the user was in focus for the questions. The approach and 
initiation were to be found out: 
What’s the general process/approach for investments? 
What events trigger a change in technology? 
The TAM was then focusing on the relevant criteria, as far as suggested by the initial 
research of Davis and the adaptations made by Rao (2004) (Davis, 1989). However, 
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only some of some of the theories criteria could be found out via the interviews. 
Examples for these were: 
How important is the investment level? 
How important is the opinion of the employee / operational user of the 
technology? 
Additionally, all the aspects, to be rated according to their importance by the 
interviewee in section seven, addressed the TAM: 
Please assess the following criteria according to their importance for an 
application (5 very important; 1 = not relevant): 
 novelty 
 proof of concept 
 performance enhancement 
 process quality 
 short training period 
 ease of use 
 multiple functionality 
 opinion of the employees 
 stress level 
 ergonomic strain 
 job enrichment 
 implementation of connected processes 
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The last theory to be implemented in the guideline was Resch’s (2006) influence on 
the technology’s abilities. As far as the direction for the further development was 
conceivable by the interviewee, this theory influenced the guideline again with the 
criteria in the rating section and, among other questions, with the following: 
What are the main points for optimisation? 
 
These were the applied reviews and influences on the level of knowledge for the 
researcher and the interview guideline. 
6.1.4 Description of the Sample and the Interviewees 
This chapter describes the build-up of the sample, its size and the elements. The 
sampling technique and the interviewees as the elements are discussed. 
6.1.4.1 Description of the Sample and the Sampling Technique 
The sampling rate determined as much the reliability and validity of the research as 
the methodology. The interviewees were considered as the elements of the sample 
and their entirety as the sample frame. 
On the one hand, the amount of possible interviewees for the survey could be 
considered as very large. Over many different companies, in different industries, 
countries and influencing position for decision making, a great share of employees may 
have had more or less input during an interview on this topic. 
On the other hand, the research wanted to explore and explain the triggering criteria 
for a positive decision making in depth and thoroughly. Furthermore, the desired 
information may have been seen as confidential and sensitive by most. This required a 
trustworthy relationship between the researcher and the respondent and limited the 
possible interviewees for a high response rate. 
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The sampling method used was non-probability sampling. As this was the 
exploratory stage of the research, this approach was considered the most practical. In 
order to undertake the study in-depth, the sample size could be reduced and focused 
on a small group. This was the desired proceeding for the interviews (Saunders, et al., 
2007). 
On this background, the sample could be described as follows: 
 decision sampling was necessary 
 data could not be collected from the entire population 
 no statistical inferences need to be made from the sample 
 it was not likely that the sample was representative (exploratory and 
explanatory) 
 the purpose was not only exploratory 
 individual cases were not difficult to identify 
 the sample to be selected was very small 
 
According to Saunders, this led to two possible techniques of non-probability 
sampling. 
The first one was convenience sampling, which was also called haphazard sampling. 
This technique was prone to bias and influences beyond control and very likely not to 
be representative.  
The second one was purposive sampling. It used heterogeneous or maximum 
variation and had a focus or key themes. It offered reasonable control over sample 
contents at reasonable relative costs (Saunders, et al., 2007). 
As the latter technique was offering more advantages with none of the 
disadvantages of the former, purposive sampling was used. It could be summarized as 
judgemental sampling with a very small size and particularly informative. 
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The comparable approaches in research, as discussed in chapter 4.3.2.4, confirmed 
the use of smaller sample sizes, when the nature of the research was more exploratory 
than explanatory (Mosimann, et al., 2008), (Marnewick & Labuschagne, 2010), 
(Barriball & While, 1993). Also Bryman and Bell (2011) provided the example of a 
research project, where the interviews were conducted with a sample size of five. 
6.1.4.2 Description of the Interviewees 
On the background of the purposive sampling, potential interviewees from the 
personal contact list of the researcher were approached to take part in the survey. The 
aim of this research step was to acquire the in depth information from very high and 
influential authoritative and budgetary decision makers. This required a higher level of 
trust, of course, and therefore limited possible alternatives. 
Seven possible respondents with the desired background were elaborated. Of the 
seven potential respondents, five were willing to take part in an interview and the 
research. One candidate was not reachable via e-mail or phone over the course of 
three months. The other candidate was about to quit his job at the current company 
and therefore would not have been able to answer with any confidential information. 
This accounted for the following response rates: 
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The response rates were calculated according to Neumann (Saunders, et al., 2007, 
p. 213). 
 
All of the interviewee’s mother tongue was German and this was also the language, 
the interviews were conducted in. Their mutual background included several years of 
experience in operational and strategic positions in their companies. They were in 
touch with manual order picking either as part of their main activity or at a point of 
intersection with it. In the following, the interviewees were referred to as respondent 
and a number, which was also representing the sequence in which the interviews were 
conducted. Their detailed background is introduced in the following: 
 
 Respondent 1 
He was a managing director of a company for the development and distribution 
of warehousing software at the interplay of the implementation of new picking 
technologies and strategies. The company, with its 80 employees and a turnover of 
5 million Euros in 2011, was equipping sellers in the e-commerce industry. The 
respondent was in his ninth year in this company. The interview was conducted on 
site. 
 
 Respondent 2 
He was team leader for contract logistics projects and logistics consulting. The 
company was a service provider for contract logistics and forwarding, had 
approximately 20.000 employees and a turnover of 4 billion Euros in 2011. He had 
been employed by this company for eight years. The interview was conducted via 
computer based conference call. The respondent wished to skip the audio 
recording. 
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 Respondent 3 
She was managing director and responsible for corporate development in a 
contract logistics company. They offered warehousing services, fulfilment and 
outsourcing solution with 1.400 employees and a turnover of 125 million Euros in 
2011 at 26 locations. She was in this company for three years. The interview was 
conducted on site. 
 
 Respondent 4 
He was head of the business unit logistics at a company with 400 employees and 
a turnover of approximately 35 million Euros in 2011. The company had three core 
industries: logistics, purchasing and customs. He was employed at this firm since 
2005 and the interview was conducted on site. 
 
 Respondent 5 
He was head of the department of logistics, administration and controlling. The 
company had 17.100 employees at 49 sites and a turnover of 8,8 billion Euros in 
2011 and produced specialized rubber products. He was employed by this 
company for 41 years and the interview was conducted via computer based 
conference call. 
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6.2 Analysis of the Interviews 
This chapter describes the approach and the process of the analysis of the 
conducted interviews. 
The general approach and the software used for the computer aided qualitative data 
analysis (abbreviated as CAQDAS in the following) are explained. In the second part of 
the chapter the process and its results are outlined. This included three different 
perspectives for the analytical approach. They were different combinations of inductive 
and deductive strategies. 
6.2.1 Preliminary Analysis of the Conducted Interviews 
Before the three general approaches for the analysis of the qualitative data are 
introduced and performed in the following chapters, each conducted interview was 
analysed separately and the important passages for the following qualitative analysis 
were carved out. 
The interviews were analysed in the order they were conducted 
6.2.1.1 Analysis of Interview One 
The first interview was with the CEO of a company for software solutions for mail and 
order business in logistics. 
The interview took place on an afternoon and in the closed meeting room of the 
respondents company. Only the interviewer and the interviewee were present and were 
not disturbed throughout the questioning. The personal meeting allowed for an open 
discussion of the questions. 
During the interview, notes were taken down by the researcher and the discussion 
was audio recorded. The sequencing transcript was then forwarded to the interviewee 
with the task to check the correct reproduction and approval. 
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The company had around 80 employees and turnover in 2011 of 4.5 million Euros. 
They equipped their customers in warehousing not only with their software, but offered 
an integrated hard- and software solution for the individual process. Main customers 
were online retailers who shipped from 20 to 6.000 consignments per day.  
The CEO was part of the company for eight years and knew the firm from the start 
up phase. 
The interesting perspective of this interviewee was that he was not talking about the 
investment behaviour in his company with only one possible warehousing process to 
optimise. But with the business model of offering solutions for said processes for 
multiple customers with many different investment behaviours, he was offering the 
condensed experience from many more application projects for new technology in the 
area of order picking. In general, he was not able to back up his statements with 
quantitative data, but offered the variety of his impressions and examples and also the 
main characteristics, like for example applied investment calculations and expected 
performance parameters 
 
Regarding the general questions of the investment process, the interviewee 
mentioned the importance of such decisions being made at the top of the companies, 
mostly by the general managers and seldom by the head of the departments for 
logistics. 
The foundation for a decision was usually 
the calculation of the efficiency, only rarely is the amount of the 
investment the unique selling point (approximately ten percent). The 
[achieved] increase in working speed of the employee is the base for it. 
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Concerning the amount of the investment, the customers diversified between 
onetime costs which were more important for hardware, and ongoing costs which were 
more important for software. 
In general case studies were used, to calculate the expected ROI premises are the 
working speed of an employee and the error rate. 
 
In the segment for general order picking questions the interviewee mentioned this 
process to be the core process for most of his clients. Only around ten percent 
outsourced this process. This suggested the very importance for decisions adjusting 
the flow and performance through it. 
Performance data mentioned included the high variety of 20 to 6.000 consignment 
per day. This equalised around ten to 12.000 picks per day. This was due to one-item-
orders of around one third of the orders. This already indicated the necessary flexibility 
in quantity and size of the items picked. 
The interviewee furthermore mentioned the diversity of the picking technologies 
used, with pick-by-voice being dominant. The latest project application also included 
tablets because of their ease of use and the low risk of the investment concerning the 
costs. These two criteria were used for the coding process and turned out to be 
commonly important. 
Barcode technology for scanning was used for error reduction, which was also one 
starting point for the following qualitative analysis. 
As order picking was considered a core process for most of the interviewees clients, 
the competition in this sector was driving directly the performance parameters of its 
execution. As examples for this, the CEO mentioned the demand of ever shorter 
delivery times, which led to the pressure for shorter process times and higher stock to 
remain in a position to deliver. This did not always imply higher costs and in this 
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meaning also a lower rate of wrong consignments, as returns also caused additional 
costs. 
 
The interviewee affirmed the question whether there was any potential for 
optimisation. For the picking hardware, he discussed the characteristics of low invest, 
free hands, help for orientation in the warehouse and implementation of assisting 
processes like replenishing the goods. These aspects seemed all important to him. 
Directly connecting processes before and after order picking usually were not 
primarily part of the focus for optimisation. They were only considered once the main 
optimisation was finished or when process and layout were planned together from the 
scratch. 
 
Delving into the segment for the specific investment in order picking, the CEO 
mentioned the following priority sequence: 
1. Increasing the efficiency of the process 
2. Minimising errors 
3. Employees have to be able to handle the technology, which is 
tantamount to a short training period. 
4. Employees must not be strained additionally 
Regardless of the two last points, the opinion of the employees was not considered 
directly in the experience of the interviewee. 
The ergonomic parameters were further specified as: weight, bearable for a whole 
shift, easy to learn to use, especially during high season, when multiple inexperienced 
temporary workers are supporting. The device had to be industrially endurable and 
rugged. The technology had to be health compliant. 
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In general, the field of e-commerce was experienced as open for new ways for 
optimising processes and the corresponding technological changes. Usually beta and 
reference customers should be part of an argumentation. The reference 
customer doesn’t have to be necessarily from the same industry, or have to 
have the same performance requirements. A principal transferability is 
trustworthy enough. 
Triggers for exchanging the technology were the expiring product lifecycles, because 
of the receding support, and thresholds in the growth of the industry which was around 
eight to ten percent per year. 
 
In the segment of the directly rated criteria, derived from the adapted TAM, the 
interviewee answered with the following values: 
 
Please assess the following criteria according to their importance for an 
application (5 very important; 1 = not relevant): 
 novelty     2 
 proof of concept    4 
 performance enhancement   5 
 process quality    4 
 short training period    4 
 ease of use     5 
 multiple functionality    2 
 opinion of the employees   3 
(depending on the individual company) 
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 stress level      3 
 ergonomic strain     4 
 job enrichment      2 
 implementation of connected processes  2 
 
The top rated criteria matched with the respondents own statements made during 
the questions before. This confirmed the reliability of the answers in the sense of 
validity and unbiased expressions. 
 
The unspecified additional input from the interviewee in the last segment concerned 
the implementation of multiple languages, useful for the training period and 
practicability of the system. This could have been aligned with the flexibility aspect of 
the technology. 
 
Summarising the analysis of the first interview, the CEO mentioned several tags 
which can be considered part of theories like the TAM. This included criteria like 
performance enhancement, costs, flexibility and quality as extrinsic motivation and also 
ease of use and apprehensiveness, like being easy to learn. 
Offering a wide experience with many different clients and their according order 
picking processes, this interview triggered many points to look out for in the analysis of 
the other interviews. 
6.2.1.2 Analysis of Interview Two 
The respondent for the second interview was a team leader for contract logistics 
projects and logistics consulting at a company for logistics and contract services. 
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Due to the long distance to the participant, the interview was conducted via Skype 
without video streaming. The interviewee wished for no audio to be recorded, so the 
later transcript was based on notes taken down during the discussion. Due to the 
phone call, no other person took part in the interview. The respondent was seated at 
his workspace. The protocol was forwarded to the respondent after the interview, 
checked and approved for use in the research. 
 
The company was based in the logistics industry as forwarding agency and provider 
of contract logistic services. The approximately 20.000 employees made for a turnover 
of 4 billion Euros in 2011. This set the company in the perspective of a big business 
with standardised procedures for the conduct of customer projects. It offered turn-key 
solutions for its clients. This included soft- and hardware, employees, buildings and 
interfaces to the customers connecting systems and processes. 
The interviewee and his team were responsible for the conceptual part of such 
solutions. This concerned the technological and financial calculation of timely limited 
projects. 
 
In the segment of questions about the general investment behaviour, the respondent 
stated that: 
Based on the runtime of a contract, a process-price is calculated, which 
is the foundation for a decision. 
This process-price included all costs, one-time and running, over the total runtime. 
This meant, that the performance related aspects, like picking rate, response times and 
quality were set fix by the tender and the efficiency in processing the task in form of 
costs was the determining number for evaluation. This also connoted for no distinction 
between fix and variable costs, as they merged to one cost block over the runtime. 
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The decision makers on the side of the customer ranged up to the general manager, 
depending on the size of the company. 
Concerning the cost aspect as criteria for or against a technology, the interviewee 
mentioned: 
As most of the projects make constant use of the initially applied 
technology, there’s almost no exchange of that technology. Because of this, 
the decision is for the technology with the lowest total costs over the 
runtime of the project. 
This part of the interview pointed extremely on the importance of cost related 
aspects for the application of a technology. 
 
During the general questions about order picking, the respondent stated this to be 
the absolute core competency of the business unit. 
Very different projects for more than 1.000 customers represent the 
complete range of the performance spectrum. Every and no application has 
to be regarded as exotic. 
Besides that, the tendency for the size of the consignments was decreasing. Order 
numbers were increasing, while the number of items per order was going down. This 
led to multiple ways of distribution, e.g. one piece parcels versus full truck loads. 
Main order picking technologies used were pick by scan and pick by voice and 
sporadically pick by light or paper. Pick by voice was growing more dominant at the 
time. 
With further questioning about the performance requirements, the interviewee stated 
the wide variety of 120 to 350 picks per hour, depending on order structure, size and 
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weight of the items and the general picking strategy. Zero mistakes were a basic 
requirement, which translated into a correct pick rate of 99,00 percent. 
The picking strategy was based on the exit-date of the order and translated from 
their backwards to any foregoing steps like pick and pack, the multitude of order 
picking steps and the admission into the warehouse. 
The order picking process was mentioned as one of the biggest cost blocks, being 
very employee and technology intensive. 
From 100 employees in the warehouse, at least 50 are working in order 
picking. 
 
The potential for optimisation was described with shorter response times, reliable 
technology and quality assurance. The reliability of the technology also influenced the 
acceptance by the workers, as was experienced by the respondent. 
 
Any new investment in order picking would only be undertaken if increased efficiency 
could be achieved, according to the interviewee. This led to a 
calculation of the ROI with invested money, in correlation to the 
technology already applied in the project. 
Any marketing effect of the technology was subordinate. 
Besides the necessary data interchange, any connection to pre or post processes 
was stated as not important. 
The opinion of the employees was considered to be very important, which would 
lead to a pilot test with feedback. The technology therefore shouldn’t stress or burden 
the worker. 
Semi-Structured Interviews with Budgetary and Authoritative Decision Makers 
 
 
 
 
 
- 125 - 
The interviewee stated the validation process with the steps of best practice 
example, pilot study, and implementation. This was much more detailed and complex 
compared to the simple best practice example, as stated in interview number one. 
Exchanges of a technology could be triggered by changing data standards, 
thresholds in growth and positive previous experience. 
 
In the segment of the directly rated criteria, derived from the adapted TAM, the 
respondent answered with the following values: 
Please assess the following criteria according to their importance for an 
application (5 very important; 1 = not relevant): 
 novelty      3 
 proof of concept    5 
 performance enhancement   5 
 process quality     4 
 short training period    5 
 ease of use     5 
 multiple functionality    2 
 opinion of the employees   4 
 stress level     5 
 ergonomic strain    4 
 job enrichment     3 
 implementation of connected processes 3 
 
The interviewee had no additional input to the guideline of the questions. 
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In summary, the criteria mentioned by the team leader during this second interview 
favoured also performance and reliability of the technology, but focused more on the 
cost aspect over the project’s runtime. 
6.2.1.3 Analysis of Interview Three 
The third interviewee was member of the executive board of a contract logistics 
provider, offering solutions for fulfilment and outsourcing projects. Since three years, 
she was responsible for the corporate development, including the optimisation of 
already running and future logistics processes. 
The company employed a staff of 1.400 people at 26 locations with a turnover in 
2011 of 125 million Euros. 
In contrast to the company in the foregoing interview, this firm had quantitatively less 
clients and specialises in more individual solutions. 
The interview was conducted in the meeting room of the companies headquarter. 
The interviewee committed herself to the discussion and was not reachable during it for 
any other incoming requests. The interview was also audio recorded and the 
afterwards sent in transcript was approved for the usage in the research. 
 
Investments for a project and its calculation were depending on 
duration of the contract, conditions, financial solvency of the customer 
(also in the future), phase of the customers product life cycle and [are] not 
too individualised (as the product of the customer may change in the 
future). 
The capacity of the assignment influenced the decisions between a more automated 
or manual solution. They decided between one time and running costs, which were 
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calculated and weighted separately. Depending on marketing purposes also one time 
costs that were not amortised during the runtime of the project were accepted. 
An ROI calculation could be part of an argumentation, but this was not necessarily 
always the case. 
 
In the general questions about order picking, the respondent described the “pick, 
pack and ship”-process as their centrepiece. All other processes assisted this activity 
and this was what the customer is paying for. 
The performance parameters varied greatly and according to the industry. The 
interviewee stated the two examples of the mail order business industry with 1,8 items 
per consignment in average and the communication media industry with 1,3 plus 
inserts. A trend of an increasing number of items per consignment as well as an 
increasing number of return consignments (beside qualitative issues) was mentioned. 
The variety of picking technologies used included pick by light, automated 
warehouses and pick by scan. The latter was the prevalent technology. 
The picks per hour ranged from 1.200 for pick by light and around 100 full cases for 
pick by scan. The quality of correct consigned orders was very important and was 
defined via service level agreements (abbreviated as SLA). The effort to achieve these 
SLAs was accordingly very high. 
The order picking strategy is defined by: 
 cut-off times, very important 
 supplier management (delayed delivery requires pre-picking) 
 fast and slow movers 
 exotic goods are picked in two stages 
 specially secured goods 
 priorities (for very important customers) 
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 returned consignments are prioritised 
 such parameters are standard 
The personnel costs were determining for the order picking process. Mostly the costs 
could be related directly to the picking rate. 
 
The potential for optimisation was described by the respondent based on the often 
changing processes. Driven by shorter product life cycles and a growing number of 
variants, the clients’ demands changed, too. The consequences were changing picking 
processes with better flexibility. The corresponding sub-optimisation of the employee to 
meet the requirements could also have been an additional problem, as the overall 
process could be affected negatively. 
A qualitatively and quantitatively flexible picking technology would have allowed for a 
stable investment for at least three years. 
 
The next segment of questions referred to a specific investment in order picking. 
The company tested pick by voice as possible new technology in a pilot study, as 
was the standard procedure. The focus during the study was the picking rate, 
efficiency, easing of the work via the communication process and standardisation and 
the amortisation rate of the technology. The perceived image of the process could also 
be important. Many clients would have favoured automated solutions. 
Mainly reduced personnel costs through a higher efficiency were expected from a 
change in the technology. This made the performance the centrepiece for the 
throughput. 
Additionally the whole process from ramp to ramp should have been implemented 
with only one technology. 
The employees’ feedback was only relevant if relevant for the process. For the 
ergonomic criteria, the interviewee stated the following to be important: 
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 the company’s resource must not be stolen 
 learning period must not be too long 
 hygiene (ear pieces, etcetera) 
 forklifts have to be heard 
 both hands have to be free 
 wearing comfort has to be ensured [...] 
 the devices have to be rugged for industrial use 
The price of the investment was mentioned to be important in relation to a ROI 
calculation. 
The perceived reliability of a new technology was based on best-practice 
applications, pilot studies and overcome teething troubles. 
An exchange of the technology could be triggered by shorter cut-off-times, shortage 
in personnel and space and a greatly increased demand from the customer. 
 
The respondent rated the directly mentioned criteria as follows: 
 novelty      3 
 proof of concept    4 
 performance enhancement   5 
 process quality     5 
 short training period    4 
 ease of use     4 
 multiple functionality    2 
 opinion of the employees   3,5 
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 stress level      4 
 ergonomic strain     5 
 job enrichment     4 
 implementation of connected processes  3,5 
 
The open and additional input from the respondent concerned health related aspects 
like legal minimums and long time results for health and fluctuation. 
 
In summary, the third respondent favoured the three aspects of performance 
enhancement, quality and the ergonomic easygoingness of the employees. The main 
thrust was the assistance of a potential new technology to support the employees as 
well as the process to increase the competitive advantage of the core competency 
order picking. 
6.2.1.4 Analysis of Interview Four 
The respondent of the fourth interview was head of the business unit logistics at a 
company offering services for warehouse logistics, procurement (strategic and 
operative) and customs. The firm had 400 employees and made a turnover of 35 
million Euros in 2011. 
The interview took place in the respondent’s office. Any incoming calls were 
disregarded. The discussion was audio recorded, transcribed and approved for usage 
in this research. The respondent was in his eighth year in the company. 
 
The first couple of questions concerned the general investment process. In the 
interviewee’s experience, the arguments were concentrated in the presentation of an 
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offer for the clients. The person in charge on the customers’ side ranged from a project 
leader over the responsible person for logistics and procurement to the headship. 
As a general rule, the tenders are of such large-volume that the decision 
makers are relatively at the top of the company’s hierarchy. 
The height of any investment was set in correlation to a runtime for the project. In 
most cases, this runtime was longer than the initially agreed duration and therefore 
only part of the risk of depreciation and amortisation could be transferred to the 
customer. 
Concerning a ROI calculation and depending on the project, a personnel intensive or 
investment intensive solution was preferred. 
 
The process of order picking was considered to be the core competency of the 
company. Depending on the location, the total picking rate per day was around 200 to 
300 for manual picking and 2.000 to 3.000 positions for automated picking. This 
translated into 30 to 40 picks per hour and employee. 
No superior trend for the performance requirements, coming from the customers, 
was noted. The internal trend considered the pooling of orders and picks for a higher 
efficiency and reduced costs. 
For example, earlier, orders for certain destination countries were 
consigned on a daily basis and are now processed one to two times a 
week. 
The picking technologies used, involved pick by paper, scan and two sites with pick 
by light. Some sites used the technology for ten years and no trend could be 
experienced. 
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The range of the handled goods varied from small parts up to pallets that were 
handled with or without a forklift. The flexibility of the technology was therefore very 
important. 
The rate of picking errors was marginal and monitored from the sub-suppliers to the 
customer. 
The picking strategy involved: 
 one or two stages 
 cut-off-times 
 express orders, but only in a specific relation to normal orders 
 time windows for customers 
 parameters like these were standard for the industries of automobile, aviation 
and medicine technologies 
The consignment process was determining for the cost structure. It was personnel 
intensive and the technological configuration made it also very investment intensive. 
 
The potential for optimisation was depending on the volume of the throughput. Main 
criteria were higher process stability, shortened distances which resulted in shorter 
picking times and faster processes. Furthermore, he added a higher degree of 
automation, visual assistance for the employee with explicit references and an 
automated plausibility via the technology. The latter could save an employee because 
of the four-eye-principle that was necessary at the time. 
 
The next segment discussed, related to any specific investment in order picking. 
A new investment in or exchange of a technology was bound to a new project, or 
triggered by quality issues or a necessary decrease of picking time due to increased 
throughput. 
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The expectations from a new technology were stated as faster picking for the 
reduction of costs and a better quality for a better image and marketing effects. 
Innovative approaches also tended to represent a competitive advantage during the 
bidding process. 
Connecting processes were mentioned only in the context of the technology being 
able to exchange data correspondingly. Simply, 
the interface has to be properly fit, even when the process is considered 
separately. The import and export of information and material is 
determining for order picking. 
The opinion of the employees was considered as very important, as they had to work 
eight hours with the technology. Acceptance of and motivation by the technology were 
therefore stated as crucial. Any possible identification of the worker with the system 
directly influenced the performance. 
The employees took part in pilot studies with new technologies and there feedback 
was used to influence any further development and characteristics of an application. 
Further economic aspects included no constraints in the fields of health and mobility; 
the process had to be simplified via the technology and a general ergonomic build-up. 
The price had to be seen in relation to the effect. Any marginal raise of the price 
could be justified with increased process stability and better environmental effects. The 
latter was based on the ISO 14001 certification12. 
For any increase in the investment sum, the running costs had to be lower. 
The process to rely on new and young technologies was sequencing references, a 
pilot study, influencing feedback from the employees and lastly the operative 
implementation. 
                                                
 
12 The ISO 14001 certified companies with an environmental focus and sustainability of their 
processes. This could be a criterion for exclusion during bidding processes. 
Semi-Structured Interviews with Budgetary and Authoritative Decision Makers 
 
 
 
 
 
- 134 - 
Triggers for the exchange of a technology could be outdated systems, cost 
reduction, optimisation of the process, an orientation on environmental aspects and 
reduction of necessary space. 
 
The directly rateable criteria led to the following results: 
Please assess the following criteria according to their importance for an 
application (5 very important; 1 = not relevant): 
 novelty     3 
 proof of concept    4 
 performance enhancement   4,5 
 process quality    4 
 short training period    3 
 ease of use     4 
 multiple functionality    3 
 opinion of the employees   4 
 stress level     4 
 ergonomic strain    5 
 job enrichment    4 
 implementation of connected processes 3 
 curiosity / innovation    4 
The last criterion was mentioned by the interviewee as his additional input. 
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The interviewee added his own input in the open section of the interview and stated 
the following criteria to be important when exchanging the technology: 
cost, efficiency, output, process stability, satisfaction of the customer and 
employees. 
Additionally his closing words considered the benefits for multiple stakeholders: 
Furthermore it has to offer a benefit for every stakeholder: 
businessman   wallet 
employee   motivation 
superior   good key performance indicators 
customer   low prices and better performance 
environment   less energy consumption and pollution 
 
To summarise this interview, this decision maker added new aspects like the 
influence of the employee feedback not only if an exchange of the order picking 
technology is made but also how the characteristics had to be adapted. Furthermore 
environmental issues were also part of the consideration for or against an 
implementation. The respondent offered the most holistic perspective on the research 
question so far. 
Nevertheless also performance enhancement, quality issues and costs also were 
important, like in the foregoing interviews. 
6.2.1.5 Analysis of Interview Five 
The fifth interview took place with the head of logistics, administration and controlling 
of a business unit in a company listed in the top 30 of the German share index DAX. 
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The firm had 7.100 employees at 49 sites and a turnover of 8,8 billion Euros in 2011. 
The business unit accounted for approximately 4.700 employees and a turnover of 5 
million Euros. The interview provided the perspective of a decision maker responsible 
for both, the technical solution of an application and it’s financing. The company was 
furthermore in the focus to apply a new technological system themselves and not to 
sell it to any other customer, like some of the foregoing respondents. Lastly, this was 
the biggest company in size and had, as the interview revealed, the most bureaucratic 
decision making process. 
The interviewee was in the company for 41 years at the time the discussion took 
place. 
Due to the long distance, the interview was conducted via Skype and without video 
streaming. The discussion was audio recorded, transcribed and approved for usage by 
the interviewee. 
 
Starting with the general questions about the investment process and behaviour, the 
respondent explained the policy for tangible asset management. This guideline was 
divided between modifications (more than one million Euros) and maintenance of 
assets (less than one million Euros). Investments of more than 100.000 Euros had to 
be approved by the head of the business unit. Investments higher than 1 million Euros 
had to be approved by the board of the company. This reflected the hierarchical 
distinction of contact persons, as already introduced during the other interviews. 
Generally, capital expenditures of this amount were part of procedure with two steps. 
The first one was the strategic planning for the approval of the budget, called a midterm 
investment plan and the second one was the operative planning, with the detailed 
credit approval and the issue of the order. 
Criteria to measure the significance of an investment were the potential for 
optimisation, increase of the safety for the employee and less commonly modifications 
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of a technical procedure. Regarding the possible increase of production capacity 
through an exchanged technology, the overall development of the market was 
determining. 
A ROI calculation was processed with a tool for the discounted-cash-flow. This tool 
was developed to evaluate investments for the strategic management process, the 
three-year planning and to assess situation based scenarios. This tool also served as 
standardised assessment for budgetary requests. 
The three main key performance indicators of the tool were: 
 Net Present Value, which was the discounted cash flows 
 Payback Period, which returned the period of time during which the discounted 
cash flows become positive 
 Return On Capital Employed, which represented the EBIT versus the invested 
capital 
The discounted cash flow tool 
provides a comparative value between two offers. For bigger investment 
projects, there seldom are two or more possible suppliers. This increases 
the importance of technical criteria and values for the [...] useful 
implementation. The DCF13 calculation is therefore seen as project tool and 
not the primary decision making tool. 
Any increase in productive capacity through an exchanged technology was seen in 
relation to an increased demand from the market. 
 
The following segment of questions concentrated on the order picking process and 
its role in the business model of the company. 
                                                
 
13 abbreviation for discounted cash flow, used by the interviewee and his company 
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The production process required the provision of material from silos and piece 
goods. Only the latter was consigned. These materials were crucial to the production 
process and their provision was seen as important as any of the following production 
steps. 
It was therefore referenced to as core business and had to be very efficient. 
The order picking department was working eight hours per day and five days a week, 
while the production was working 24 hours on seven days per week. This caused the 
preparation of orders. 
The orders themselves were very heterogeneous with around two to eight items per 
order. One item could be from some kilograms to one ton, which required forklifts in 
most cases. The total amount of items handled per day was around 85 tons. If in any 
case the production plan was changed, also other machine operators were allowed to 
consign the necessary material. 
Due to an increasing throughput, the production line was modified and extended 
during the last years. The throughput, for example, was raised by 50% in the last five 
years. Simultaneously, the variety of products grew. Both of these affected the order 
picking process with a higher demand for quantity and flexibility. 
Since the existence of the process four decades ago, the order picking approach 
wasn’t changed and was still based on paper lists. 
Neither the specific performance as picking rate, nor the picking errors were 
measured. Among the most common mistakes were reading errors of the decimal 
place and 
confirmed items on the picking list, which aren’t provided physically. 
These errors are not unusual. 
The picking strategy consisted usually of only one step and was only provided in 
steps, when the production of the order ran for more than two or three shifts. 
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The costs for the consignment process were not classified separately. As the 
buildings were already depreciated and the forklifts were leased, the main cost factor 
was the personnel. 
 
During the questions about the potential for optimisation, the interviewee mentioned 
the effort with the information process and documentation which was solely performed 
based on paper. Furthermore, the shortage of staff compared to the increased 
demand, required a more efficient process with improved performance. This could have 
been achieved with shortened seeking time. A better organisation of the process flow 
would improve this. In combination with a redundant technology for the paper 
approach, many possible mistakes could be avoided. 
Seeking times go hand in hand with the increase of the process 
efficiency and the thereby desired goal of more productivity and consigned 
orders. 
 
The next segment concerned the specific investment in order picking. 
An exchange of the picking technology was planned at the time, if a suitable system 
could be found. The main focus for it were the increase of capacity via reduction of 
necessary seeking time, the reduction of inventory, clear information and avoidance of 
errors. 
The old process flow should be optimised as well. 
Connecting processes should be implemented as far as the information flow and the 
traceability of the material was concerned. This did not mean that all of the processes 
had to be based on one technology, but was referring to the exchange of information 
along the process. The respondent stated the importance of connecting the information 
flow of the warehouse with the production and vice versa. 
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The opinion of the employees was considered to be very important. The attitude of 
the worker could lead to success or failure of such implementation projects or the fall 
back in old procedures. The basis of the employees had to be collected. The 
interviewee stated the role of the project responsible as the following: 
The decision for or against an investment is therefore a kind of 
moderation between the end user and the budgetary authority. 
Concerning ergonomic aspects he stated the assisting nature of the technology for 
the work as important. Beyond that, the work safety had to be ensured. 
Ideally, the technology was invisible and benefits perceptible by the employee. This 
also led to a staged implementation approach, during which the worker can influence 
the final application of the system. 
The price of an investment was considered to be important, but the achieved benefit 
of it was difficult to measure. The investment therefore had to be in a proper relation to 
the operating costs. Overall, the running costs were more important than one time 
investments. 
For the age of a technology and its level of tested reliability, the respondent once 
again stated the work safety. Additionally references of successfully implemented 
projects and a general acceptance of the technology at the market should be at hand. 
The exchange of the technology could be triggered by high error rates, missing 
traceability and an automated validation of process steps. 
 
The directly rateable criteria were then discussed and achieved the following results: 
Please assess the following criteria according to their importance for an 
application (5 very important; 1 = not relevant): 
 novelty     1 
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 proof of concept    5 
 performance enhancement   4 
 process quality     5 
 short training period    4 
 ease of use     5 
 multiple functionality    3 
 opinion of the employees   4 
 stress level     3 
 ergonomic strain    3 
 job enrichment     3 
 implementation of connected processes 3,5 
 
In the open section for additional input from the interview, the respondent mentioned 
the importance of handling information and corresponding work steps decentralised 
and at the point of occurrence instead of a centralised information handling. 
 
In summary, the focus of this interview led to importance of increased productivity 
and trimming of the work flow for additional capacity. The aspect of costs was not the 
main criterion even though, the calculation of investment versus benefit was 
standardised and elaborated much more in depth compared to the foregoing 
interviews. 
An additional focus was the importance of work safety that can be assisted from the 
technology for both, the worker and the process stability with little errors. 
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The opinion and influence of the employee for the successful implementation of a 
new application rounded up the input from this discussion. 
6.2.2 Approach of the Data Analysis 
Generally, the qualitative data was categorised and analysed for terms that emerged 
from the data itself and with the perspectives provided from existing theories. 
It was the aim to search for the key themes, patterns and recognise any 
relationships. This was achieved by ‘unitising’ the data in bits and chunks and referred 
to as coding (Bryman & Bell, 2011), (Huberman & Miles, 1994). The nature of the 
process was interactive as the starting perspective for the analysis as well as new 
findings during the conduct affected the ongoing approach until a final result could be 
derived (Saunders, et al., 2007). Independent from developing or testing new theories 
to reach conclusions, they had to be tested by following the finding of any intervening 
variables that occurred (Saunders, et al., 2007). 
The nature of the semi-structured interview provided the basis for inductive as well 
as deductive analysis of the data. Whereat the structured part, and therefore the part 
influenced by the existing theories, favoured the deductive approach and the 
unstructured part favoured the inductive approach. 
The latter was a process of analytic induction (Bryman & Bell, 2011) and followed the 
basic steps of: 
 Data Display 
This step prepared the data for the editing process. 
 Data Reduction, Drawing and Verifying Conclusions 
The data was reduced to elementary bits, chunks and statements. Essential 
elements and testimonies were found and could be collected in nodes 
(Huberman & Miles, 1994). 
 Matrices and Networks 
Semi-Structured Interviews with Budgetary and Authoritative Decision Makers 
 
 
 
 
 
- 143 - 
This step looked for relationships and evaluation of the found elements in the 
data. 
 Iteration 
The foregoing steps were repeated iteratively to include the findings from one 
run as new input for the following one. Also a visual form to represent the data 
was developed (Saunders, et al., 2007). 
This process provided a final network of the relationships and deductions of the data. 
In order to quantify the data and weight of criteria, the frequency of certain events 
had to be measured (Saunders, et al., 2007). 
The deductive approach instead was based on the theories discussed in the 
literature review. This addressed mainly the models of the management of innovations 
(Saunders, et al., 2007). The theory that influenced the methodology the most was the 
TAM. The analysis looked for proofs of the theory’s criteria and their relevance. This 
process aimed for the explanation building and applicability of the TAM in the research 
field. 
In order to assist the analysis, CAQDAS software was used. The program applied 
was NVivo from QSR International in version nine. The transcripts of the interviews 
were implemented as sources in the project and the software’s abilities for coding, 
creating nodes and visualise the findings were used for the analysis. These main 
functions introduced by Lopez et al. were applied for the data analysis (Lopez & White, 
2012). 
6.2.3 Analysis of the Qualitative Data 
The analysis was combining three different perspectives to meet the requirements of 
a combined deductive and inductive approach. Figure 28 is giving an overview. 
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A word frequency count was looking for the topics most frequent in the interviews 
and was completely inductive. Furthermore, the out coming topics assisted for any 
further coding. 
The analysis for the TAM coding used the aspects introduced by the TAM for the 
initial coding of the transcripts. The so created nodes were then coded more deeply in 
order to find criteria on a more concrete level and evaluate their weight. This was a 
mixture of de- and inductive approaches. 
The third perspective focused on the questions that were directly rated by the 
respondent. The questions were derived from the TAM and aimed for evaluating the 
relationship and weighted network between them. This was the pure deductive 
approach. 
 
 
Figure 28: Three perspectives for the analysis of the interviews 
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Altogether, these three different foci offered the possibility to analyse the interviews 
and evaluate the found criteria with a guideline based on the theoretical models of 
innovations management and offering the required openness for unprecedented 
aspects at the same time. 
6.2.3.1 Word Frequency Count 
The word frequency count was based on the CAQDAS’ ability to count the frequency 
of certain topics in a supplied source. This so called tag cloud could condense words 
with mutual meanings on different levels of generalisation (Lopez & White, 2012). 
In order not to falsify the count and the results, the search was limited to only certain 
sections of the interview transcripts. Formal parts of the protocol, like introduction and 
prepared memos14, were excluded, as well as the pre-formulated questions of the 
guideline, as far as not necessary for the understanding of the answers. 
The following Figure 29 is giving an overview, which sections were used for the two 
word count queries: 
                                                
 
14 e.g. the figure of the TAM 
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Figure 29: Deduction of the different foci of an interview in dependence on the 
sections of the guideline 
The frequency counts were divided into two queries to address two different sub-
perspectives of the research objective. These two were: 
 
 Important Criteria for the Decision Making Process 
 Desired Abilities and Improvements of a New Technology 
 
They are addressed in the following sub-chapters. 
6.2.3.1.1 Word Cloud of the Criteria for the Decision Making Process 
The query for this word frequency count included the sections “Investment Process 
Behaviour”, “Specific Investment in Order Picking” and the “Interviewee’s Own or 
Additional Input”. 
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The query properties were then set to the 20 most frequent words with a minimum 
word length of three letters. Semblance for finding matches was set to “similar” what 
included similar words as far as generalisations. 
The so found result was gathered as node. Several forms of node reports could be 
deducted (Lopez & White, 2012), of which the tag cloud and simple table overview 
were used and explained. 
 
Figure 30: Top 20 word cloud of the criteria for the decision making process15 
Figure 30 above is showing the tag cloud of the query. The 20 most frequent used 
words are displayed in alphabetical order. The font size of the word displayed depends 
on the frequency. This made it very easy to visually identify the key topics.  
                                                
 
15 The original German word cloud can be found in appendix 11.3. 
 
be by come consider cost customer 
determining 
employee good 
investment other perception 
play principally process product 
project role technology 
topic 
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This is further backed up with the quantified percentage of appearance, summarised 
in the following Table 5: 
 
Word Count Weighted Percentage (%) Similar Words 
investment 58 1,41 investment 
employee 56 1,36 employee, employed 
technology 54 1,31 technologies, technology 
customer 48 1,07 customer, customers, client 
determining 44 1,07 to determine, determining, decision, decisive 
product 48 0,78 application, article, device, hardware, interface, software, 
tool 
project 30 0,73 project, projects, 
by
16
 30 0,73 by, via 
be
17
 28 0,68 be, are 
role 28 0,68 role 
play 28 0,68 to play 
principally 26 0,63 principally 
perception 52 0,57 perception, finding, to identify, to see, to distinguish 
process 28 0,50 process, development, processes, approach 
consider 28 0,44 to consider, to treat, to regard 
other 24 0,33 other, to alter, to refer, to obtain 
topic 30 0,32 topic, theme 
good 24 0,29 good, fine, okay 
come 34 0,24 to come, to obtain, to cost 
cost 30 0,24 cost, to cost, to debit 
Table 5: Top 20 word count of the criteria for the decision making process 
Some of the resulting words, appearing more often, were without a purposeful 
meaning (e.g. prepositions) or any connection to the research topic. For those reasons, 
some of the findings had to be discarded. This left the final eight topics for further 
evaluation in the coding process: 
 investment 
 employee 
 technology 
 customer 
                                                
 
16, 17 The German word length of these words (by ≙ bei and be ≙ sein) exceeds the minimum word 
length of three letters. 
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 product 
 perception 
 process 
 cost 
6.2.3.1.2 Word Cloud of the Desired Abilities and Improvements of a New 
Technology 
This query was conducted similar to the query in the foregoing chapter.  
 
Figure 31: Top 20 word cloud of the desired abilities and improvements of a new 
technology18 
                                                
 
18 The original German word clouds can be found in appendix 11.3. 
 
after be customer 
determining employee 
his human investment  
order picking other per per 
perception pick position process 
product role task 
technology 
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It included the sections “Warehousing and Order Picking”, “Potential for Optimisation 
in Order Picking”, “Specific Investment in Order Picking” and the “Interviewee’s Own or 
Additional Input”19. The result of the tag cloud is displayed in the following Figure 31. 
Table 6 presents the corresponding data from the query result. 
 
Word Count Weighted Percentage (%) Similar Words 
employee 36 0,98 employee, employed 
customer 40 0,95 customer, customers, client 
pick 32 0,87 pick, to pick, picker 
technology 30 0,82 technologies, technology 
investment 29 0,79 investment 
order 
picking 
28 0,76 order picking, consignment 
product 46 0,66 application, article, device, hardware, interface, software, tool 
determining 23 0,63 to determine, determining, decision, decisive 
after 23 0,63 after, according, next 
be
20
 22 0,60 be, are 
per 21 0,57 per 
role 21 0,57 role 
by
21
 21 0,57 by, via 
process 23 0,51 process, development, processes, approach 
other 22 0,42 other, to alter, to refer, to obtain 
task 28 0,33 task, occupation, action, function, development, help work, job 
his 36 0,30 his, her, to be, to move, to mean, to take place, to walk 
perception 28 0,26 perception, finding, to identify, to see, to distinguish 
human 22 0,24 human, employee, customer, man, woman, user, leader 
position 21 0,20 position, to position, limit, to provide, place, to place, positioning 
Table 6: Top 20 Word count of the desired abilities and improvements of a ew 
technology 
Again, some words of the resulting list had to be discarded, due to their missing 
connection to the research objectives. 
This left the final list for the coding process composed of eight topics: 
                                                
 
19 The detailed properties of the query are the same as for the query for the “Decision Making Process” 
and are described in chapter 6.2.3.1.1. 
 
20 17 The German word length of these words (by ≙ bei and be ≙ sein) exceeds the minimum word 
length of three letters. 
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 employee 
 customer 
 technology 
 investment 
 product 
 process 
 perception 
 human 
6.2.3.1.3 Summary of the Word Count 
The foregoing chapters analysed the word frequency from two different perspectives. 
In order to provide only one list of relevant topics for the following coding process, the 
two lists were merged into only one. 
As many words appeared in both lists, the final summary provided these nine 
potential nodes: 
 
 customer 
 cost 
 employee 
 human 
 investment 
 perception 
 product 
 process 
 technology 
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The frequency of their appearance in the transcripts only partly reflected their 
importance for the research objectives. After all, they could have appeared in a 
confirming, denying or indifferent context during the interview. Therefore their 
frequency did not represent their weight for the final evaluation of the triggering 
parameters for positive decision for the application of a new technology. 
However, this list offered the starting point for the inductive consolidation of the TAM 
approach in the following chapter. 
6.2.3.2 Coding Process of the Interviews 
This approach used a coding process to combine the inductive testing of the TAM 
theory’s applicability in this field of research and consolidating further characteristics. 
This last part of open coding was handled deductively. 
The literature review of the TAM in chapter 2.3.5, especially Figure 12: Adaptation of 
the TAM for complex technologies , provided the starting list of possible aspects for the 
coding process. 
The original network of criteria was reprocessed as aspects, directly influencing the 
attitude towards adoption. This enabled the basic model in NVivo presented in Figure 
32. 
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Figure 32: NVivo 9 model of the node tree for the initial coding process 
All of the nodes were in a child – parent relationship with the node “attitude towards 
adoption”. The model was reduced consciously to these linear relations and without 
any interdependence between the nodes. This was necessary because of the reduced 
complexity for the inductive testing of the TAM and the excluded aggregation. Any 
aggregation between the nodes, especially when occurring in loops like in the TAM, 
would have greatly falsified the measurement of the coverage of these topics and 
rendered any conclusion useless. 
All of the transcript sources were then analysed for their affiliation to any of the 
children-nodes. Again, like described in chapter 6.2.3.1.1, formal parts of the protocol 
were excluded, as well as the pre-formulated questions of the guideline, as far as not 
necessary for the understanding of the answers. 
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As result from the first coding step, the tree map report in the following Figure 33 
visualised the relative coverage of the criteria in the interviews: 
 
Figure 33: Tree map of the coverage of the TAM nodes 
This overview stated already the different weight of certain aspects which diversified 
greatly from “socio-economic factors” being the least important, to “extrinsic motivation” 
being the most important. 
The overall coverage was 63,35% which affirms the inductive testing and 
applicability of TAM in the research area. 
This number, as well as the absolute coverage of all nodes, is stated in Table 7. 
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Node           \            Interview 1 2 3 4 5 Average 
Apprehensiveness 4,90% 11,15% 4,75% 5,06% 4,95% 6,16% 
Ease of Use 9,43% 5,24% 4,98% 5,91% 2,68% 5,65% 
Extrinsic Motivation 26,12% 29,81% 37,04% 28,54% 31,60% 30,62% 
Intrinsic Motivation 1,56% 1,41% 2,69% 4,08% 0,00% 1,95% 
Personal Factors 0,00% 6,29% 1,33% 11,59% 0,40% 3,92% 
Social Pressure 0,00% 0,00% 5,02% 0,94% 0,00% 1,19% 
Socio-Economic Factors 0,00% 0,00% 0,00% 1,54% 0,00% 0,31% 
Supplier Firm Specific Factors 2,52% 0,00% 0,00% 1,73% 0,00% 0,85% 
Technology 5,41% 7,25% 10,40% 7,41% 3,35% 6,76% 
User Firm Specific Factors 4,54% 2,36% 5,08% 11,11% 6,59% 5,94% 
Total 54,48% 63,51% 71,29% 77,91% 49,57% 63,35% 
Table 7: Coverage of the different nodes in relationship to the interviews 
The nodes are stated in alphabetical order and in relation to the interview. As can be 
seen, the importance of single criteria varied according to the respondent. For each 
aspect, the average was calculated and led to the total mean average. 
As the formal applicability of the TAM was therewith confirmed, the next steps 
conducted iterative steps of further coding for the key topics. 
The transcripts were worked through again, this time with the focus of open coding, 
assisted by the final list of the word frequency count from chapter 6.2.3.1.3. . 
This step was repeated iteratively in loops as every new created node could be 
coded with sources from foregoing transcripts. The repetition was completed after no 
new node was created or coded (Grounded Theory, Coding & Analysis, 2008). 
Four of the original ten nodes were extended in this progress: 
 apprehensiveness 
o rugged technology for industrial application 
o stress level 
 ease of use 
o employee feedback 
o ergonomic factors 
o short learning period 
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 extrinsic motivation 
o cost reduction 
o flexibility 
o performance enhancement 
o quality, fault prevention 
 technology 
o connectivity 
o marketing purposes 
o reliable, failsafe 
o tested, approved 
The other six nodes could not be specified any further than the first coding loop. 
The concrete, absolute coverage is shown in Table 8 below. The iteratively added 
nodes are marked bold to provide an easier distinction. 
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Node           \            Interview 1 2 3 4 5 Average 
Apprehensiveness 4,90% 11,15% 4,75% 5,06% 4,95% 6,16% 
Rugged Technology for Industrial 
Application 
2,33% 0,00% 1,93% 0,00% 0,00% 0,85% 
Stress Level 1,17% 2,32% 0,00% 0,00% 0,65% 0,83% 
Ease of Use 9,43% 5,24% 4,98% 5,91% 2,68% 5,65% 
Employee Feedback 0,00% 1,96% 2,45% 5,41% 4,73% 2,91% 
Ergonomic Factors 5,23% 3,97% 5,93% 4,64% 1,81% 4,32% 
Short Learning Period 5,11% 0,00% 0,88% 0,00% 0,00% 1,20% 
Extrinsic Motivation 26,12% 29,81% 37,04% 28,54% 31,60% 30,62% 
Cost Reduction 1,99% 12,03% 9,56% 15,15% 4,90% 8,73% 
Flexibility 0,00% 0,00% 6,75% 0,00% 0,00% 1,35% 
Performance Enhancement 1,68% 3,57% 4,20% 10,08% 4,00% 4,71% 
Quality, Fault Prevention 1,59% 3,66% 2,03% 9,04% 5,85% 4,43% 
Intrinsic Motivation 1,56% 1,41% 2,69% 4,08% 0,00% 1,95% 
Personal Factors 0,00% 6,29% 1,33% 11,59% 0,40% 3,92% 
Social Pressure 0,00% 0,00% 5,02% 0,94% 0,00% 1,19% 
Socio-Economic Factors 0,00% 0,00% 0,00% 1,54% 0,00% 0,31% 
Supplier Firm Specific Factors 2,52% 0,00% 0,00% 1,73% 0,00% 0,85% 
Technology 5,41% 7,25% 10,40% 7,41% 3,35% 6,76% 
Connectivity 0,00% 5,61% 5,75% 0,84% 3,00% 3,04% 
Marketing Purposes 0,00% 1,41% 7,67% 4,08% 0,00% 2,63% 
Reliable, Failsafe 0,00% 2,58% 0,00% 0,30% 1,01% 0,78% 
Tested, Approved 6,24% 2,74% 5,10% 5,50% 3,24% 4,56% 
User Firm Specific Factors 4,54% 2,36% 5,08% 11,11% 6,59% 5,94% 
Table 8: Coverage of the revised and detailed nodes in relationship to the interviews 
The rate of coverage might have been used as weight for the importance of the 
corresponding criteria. However, the amount of words, respectively length of text, used 
to describe the respective node was no appropriate rate of measurement and some 
text references were also congruently coded. So far none of the coded criteria could be 
excluded or weighted. In combination with the other two analysis approaches, the 
criteria could also be condensed. The Figure 34 below is showing the final network of 
the coded aspects with rate of coverage and their relations. 
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Figure 34: Model of the revised and detailed node tree for the coding process (the 
nodes are in alphabetical order and the percentage number in brackets represents the 
average coverage of the node in the interviews) 
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The adapted NVivo model and the tree map can be found in Appendix 11.3.2. . 
6.2.3.3 Direct Evaluation of Specific Criteria by the Respondents 
This third approach for the analysis of the interviews addressed the directly rated 
questions, deduced from the literature review. Section seven of the interview guideline 
contained specific questions that are derived from the TAM. The interviewee had to 
rate the criteria according to his perception of their importance in his specific field of 
application. This perspective of the approach was solely deductive. 
The aspects were: 
 novelty / uniqueness 
 proof of concept / references of performance 
 assisting the process concerning performance 
 assisting the process concerning quality / picking errors 
 short training period 
 ease of use 
 multiple functionality 
 opinion of the employees 
 stress level 
 ergonomic strain 
 job enrichment via the technology 
 possibility to implement any connecting processes 
The respondent could rate the importance on a scale from one, i.e. not relevant, to 
five, i.e. very important. He could also add and rate additional criteria he deemed 
important to mention. 
The following Table 9 is showing the result of the rating. The data was aligned to 
every respondent and the average value is stated in the last column. 
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Interviewee number four was the only one to add an additional criteria “curiosity / 
innovation”. As no other additions to the criteria came up during the interviews and only 
one respondent rated this criterion, the average value was very low. Therefore, this 
aspect was already excluded from any following analysis and deduction. 
 
Question        \           Interview 1 2 3 4 5 Average 
Novelty / Uniqueness 2,0 3,0 3,0 3,0 1,0 2,4 
Proof of Concept / References of Performance 4,0 5,0 4,0 4,0 5,0 4,4 
Assisting the Process Concerning Performance 5,0 5,0 5,0 4,5 4,0 4,7 
Assisting the Process Concerning Quality / Picking 
Errors 
4,0 4,0 5,0 4,0 5,0 4,4 
Short Training Period 4,0 5,0 4,0 3,0 4,0 4,0 
Ease of Use 5,0 5,0 4,0 4,0 5,0 4,6 
Multiple Functionality 2,0 2,0 2,0 3,0 3,0 2,4 
Opinion of the Employees 3,0 4,0 3,5 4,0 4,0 3,7 
Stress Level 3,0 5,0 4,0 4,0 3,0 3,8 
Ergonomic Strain 4,0 4,0 5,0 5,0 3,0 4,2 
Job Enrichment via the Technology 2,0 3,0 4,0 4,0 3,0 3,2 
Possibility to Implement any Connecting Processes 2,0 3,0 3,5 3,0 3,5 3,0 
Curiosity / Innovation 0,0 0,0 0,0 4,0 0,0 0,8 
Table 9: Evaluation of the criteria rated by the respondents 
From the initially formulated criteria, everyone was evaluated by every participant. 
For further illustration, the following Figure 35 is representing the data in form of a 
radar chart. The distribution of the different ratings as well as the average value can be 
seen. 
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Figure 35: Radar chart of the criteria rated by the respondents22 
It could be deducted, that a distinction between more and less important criteria 
could be made. The average rating of all multiple rated aspects was 3,7. 
The list of the criteria could then be sorted according to their average rating. The 
mean average was added as reference for the relative importance. The data was 
processed in Figure 36 below: 
 
                                                
 
22 The criteria „Curiosity / Innovation“ is left out in this representation, as only one respondent 
mentioned it. The full data can be found in Table 9: Evaluation of the criteria rated by the respondents. 
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Figure 36: Sorted list of the rated criteria with the mean average 
This final list represented the outcome of this third approach during the analysis of 
the gathered qualitative data. The deductions from the predefined criteria in the 
interviews were condensed with the word count approach and the coded nodes in the 
following summary. 
6.3 Summary: Results from the Interviews and Impact on the Experimental 
Stage 
This chapter concludes the conduct of the semi-structured interviews. The analysis 
of the qualitative data was summarised and deductions for the following experimental 
stage were made. Finally, the achievement of the first research objective was 
evaluated. 
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6.3.1 Conclusion from the Analysis and Condensation of the Different 
Approaches 
The threefold approach for the data analysis offered one final network and one final 
list of relevant criteria for the decision making process concerning the application of 
and expectations from a new technology. 
These two results coincided in many points. This proved on the one hand the 
reliability of the different approaches and on the other hand, offered the possibility to 
condense both results into one set of relevant criteria. 
Combining the relationship network from the coding process in chapter 6.2.3.2 with 
the sorted list of rated criteria from chapter 6.2.3.3 led to the following new network, 
visualised in Figure 37. 
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Figure 37: Determining criteria for the use of assisting technology in order picking 
This final network included all confirming and newly found aspects, determining for a 
positive implementation. The figure visualised the origin of the criteria from the analysis 
and their relation to each other. This was the qualitative representation of the result of 
the interviewing stage. 
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In order to quantify the weight and importance of the criteria, the different scales of 
the two approaches had to be condensed into one. The following Table 10 states the 
criteria and their rating within the respective discipline in the columns. The disciplines 
were the directly rated criteria and the coverage of the nodes from the coding process. 
As can be seen, some criteria were only rated in one discipline, depending during 
which approach of the analysis they were found and according to Figure 37. The 
indented aspects stated sub-criteria that were blended into one parent-criterion. The 
parent-rating was the average of the sub ratings. 
The values of the disciplines were the average rating for the directly rated criteria 
and the percentage of coverage of the nodes. To assess the relative weight of an 
aspect, the rating was put into relation to the total sum of the parent criteria in each 
discipline. The results were shown in the columns “Relative Weight” and respectively 
“Relative Coverage”. 
As both approaches of the analysis were considered equally for the final rating, the 
average value of both relative results was stated in column “Average”. The total was 
bigger than 100 per cent, once again due to the fact, that not every criterion was part of 
both result scales. Their relative share could then be calculated and was stated in the 
column “Relative Weight”. This column represented the quantified weight of every 
analysed criterion. 
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Criterion    \      Results   
Directly 
Rated 
Relative 
Weight 
  
Node 
Coverage 
Relative 
Coverage 
  Average   
Relative 
Weight 
Rugged Technology for 
Industrial Application 
        0,85% 1,85%   1,85%   1,52% 
Stress Level, Ergonomic 
Strain 
  4,0 10,47%   0,83% 1,80%   6,14%   5,05% 
Stress Level   3,8     0,83%           
Ergonomic Strain   4,2                 
Ease of Use   4,6 12,04%   5,65% 12,29%   12,16%   10,00% 
Employee Feedback   3,7 9,69%   2,91% 6,33%   8,01%   6,58% 
Ergonomic Factors         4,32% 9,39%   9,39%   7,72% 
Short Learning Period   4,0 10,47%   1,20% 2,61%   6,54%   5,38% 
Cost Reduction         8,73% 18,98%   18,98%   15,61% 
Flexibility         1,35% 2,94%   2,94%   2,41% 
Performance Enhancement   4,7 12,30%   4,71% 10,24%   11,27%   9,27% 
Quality, Fault Prevention   4,4 11,52%   4,43% 9,63%   10,58%   8,70% 
Connectivity   2,8 7,33%   3,04% 6,61%   6,97%   5,73% 
Multiple Functionality   2,4                 
Possibility to Implement 
any Connecting 
Processes 
  3,0                 
Job Enrichment   3,2 8,38%         8,38%   6,89% 
Marketing Purposes   2,4 6,28%   2,63% 5,72%   6,00%   4,93% 
Reliable, Failsafe         0,78% 1,70%   1,70%   1,39% 
Tested, Approved   4,4 11,52%   4,56% 9,92%   10,72%   8,81% 
                      
Total Sum within the 
Discipline 
  38,20 100,00%   45,99% 100,00%   121,62%   100,00% 
 
Table 10: Condensed and final weight of the elaborated criteria 
The determining criteria were than sorted in descending order and visualised as pie 
chart in Figure 38 below. 
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Figure 38: Pie chart of the elaborated criteria for the decision making process 
This pie chart stated the final result of the interview analysis and offered a weighted 
set of relevant criteria for the decision making process for the implementation of a new 
technology. These criteria were then tested in the following experimental stage of the 
research. 
The extrinsic motivators, like costs, performance and quality were expected to be of 
high value in the ranking as demonstrated. Nevertheless, also human factors like ease 
of use, ergonomics, job enrichment and employee feedback, proved to be very 
important for a positive decision for the implementation of Mixed Reality based 
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systems. Technical basic functionality seemed to be a standard ability and not 
distinctive. 
The results set the foundation for any further research in this area. The next step 
was to evaluate different picking technologies in the found criteria in experiments. The 
results enabled a value-benefit analysis with the elaborated weighting of the criteria 
and therefore evaluated the fitness of Mixed Reality in manual order picking. 
6.3.2 Deduction for the Experiments and Summary of the Interviewing Stage 
The criteria, triggering the implementation of a new technology, were found with the 
methodology and corresponding analysis. 
This sets the foundation for the following experiments. 
The Relation criterion – experiment is set up in the next chapter. Given the nature of 
the criteria network, it was possible, that multiple criteria could be tested within the 
same experiment, as well as vice versa. 
The objective of the interviewing stage was to: 
Find the determining criteria and aspects for the use of assisting 
technology in the area of order picking. 
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This is fulfilled with the final network, condensed of the different analysis 
approaches. The great overlapping of the deductive and inductive analytical 
methodology validates the methodological approach of semi-structured interviews. The 
result sets a reliable foundation for the following research step. 
The first of the two sub-questions of the research project read: 
What benefits do decision makers expect as benefit from the technology 
Mixed Reality, as contribution to the process of order picking?  
The final set of weighted criteria in Figure 38 answers this question successfully. 
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7 Laboratory Experiments 
The following chapter describes the experimenting stage of the research. Based on 
the findings of the interviews, an experiment approach was derived to evaluate the 
elaborated criteria for positive decision for implementing a new technology for the order 
picking process. 
Firstly, the explicit contributions of the conducted interviews are outlined. The focus 
on the applications needs and the decision makers’ opinion is summarised. 
Secondly, the structure and the approach of the experiments are presented. Starting 
with the linkage of the criteria from step one to the measurable variables, the 
methodology is specified. The laboratory setting, as well as the choice of technologies, 
is explained. The introduction of the measurement methodologies sums up this sub-
chapter. 
In the last part of the experimenting stage, the gathered data was interpreted, 
analysed and conclusions were drawn. This evaluated the technologies ability to fulfil 
the necessities of the targeted process of application. 
7.1 Conduct of the Experiments 
The conduct of the experiments was divided in the description of the objectives of 
this research step, the implementation of the decision making criteria from the 
foregoing step into the experiments and finally the structure and the approach of the 
experiments. 
The Figure 39 is giving an overview. 
Beginning with the objectives of the experiments, the relation to the overall objective 
of the research and the research question is explained. As second part of the mixed-
method-approach, the intersection between the needs of the application and the 
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abilities of the technology MR could be evaluated precisely. This concerned the 
qualitative as well as the quantitative degree of fulfilment in the tested criteria. 
The experimenting stage of the research could be seen as independent concerning 
the approach of the methodology and the derived results. Nevertheless, the evaluated 
parameters of the dependent and independent variables (i.e. the picking technologies) 
were derived from the foregoing interviewing stage. What and how these criteria were 
implemented in the set-up of the experiments is explained in chapter 7.1.2 in detail. 
This step ensured that measured parameters correlate directly to the elaborated 
criteria. 
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Figure 39: Conduct of the experimenting stage of the research 
Then, the setup of the experiments was elaborated. The laboratory environment, as 
well as the tested technologies and the measured variables are explained. This section 
provided the detailed description of the approach, structure and limits of the 
experiments in order to provide the basis for any discussion of the measured data. This 
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should ensure the reliability of the outcomes and the degree of validity when deducing 
the results for a broader environment like industrial application. 
The data was then analysed. The data coding process and a preliminary exploratory 
analysis are described. The data were then tested for significance and validity for the 
desired evaluation of criteria. The approaches for the statistical analysis and testing 
were explained and discussed. Finally, the technologies were ranked for each criterion 
in order to evaluate their abilities. 
The results were then summarised and the derivations for this particular research 
objective were made. 
7.1.1 Objectives of the Experiments 
The overall objective of the research was divided into two sub-objectives. The first 
sub-objective concerned the necessities of the process of application of the technology 
MR and conclusively evaluated in chapter 6. 
This second research step concerned the ability of MR to fulfil these needs. The 
chosen methodology of laboratory experiments therefore had the sub-objective to 
Evaluate the abilities of Mixed Reality to technologically fulfil the 
determining criteria.  
Figure 40 illustrates the research flow, coming from the accomplished interview 
analysis and evaluating the intersection of processes needs and the technology’s 
abilities. 
Considering the methodologies’ advantages and disadvantages as discussed in 
chapter 4.4, the experiment was applied with the focus of a valid and reliable 
evaluation of the applicability of MR. 
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Figure 40: In it’s second step the process flow of the research focuses on the 
evaluation of the abilities of MR to fulfil the elaborated criteria from the expert 
interviews. 
Considering the methodologies’ advantages and disadvantages as discussed in 
chapter 4.4, the experiment was applied with the focus of a valid and reliable 
evaluation of the applicability of MR. 
In its result, this answered the second subordinate research question of: 
What is an efficient and effective way to implement mixed reality for 
manual order picking? 
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As the two sub-objectives of the research built up on each other, the evaluation of 
this second step also enabled the conclusive evaluation of the overall objective of the 
research and the main research question as described in chapter 8. 
7.1.2 Contribution from the Interviews to the Experiments 
The interviewing stage ended with the elaborated criteria that the decision makers 
mentioned, directly or indirectly, to be important. The result was a ranked list of 15 
criteria with a corresponding weight of importance. 
Which criteria were implemented in the experiments and how is explained on the 
next pages. 
 
Table 11 is showing the final list of the relevant criteria together with their rank and 
weight: 
 
Table 11: Ranking of the relevant criteria for the experimental stage and their 
corresponding weight. 
Rank Criterion W eight
1 Cost Reduction 15,61%
2 Ease of Use 10,00%
3 Performance Enhancement 9,27%
4 Tested, Approved 8,81%
5 Quality, Fault Prevention 8,70%
6 Ergonomic Factors 7,72%
7 Job Enrichment 6,89%
8 Employee Feedback 6,58%
9 Connectivity 5,73%
10 Short Learning Period 5,38%
11 Stress Level, Ergonomic Strain 5,05%
12 Marketing Purposes 4,93%
13 Flexibility 2,41%
14 Rugged Technology for Industrial Application 1,52%
15 Reliable, Failsafe 1,39%
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Regardless of their importance, it was tried to implement every aspect of the list. In 
total, 14 criteria could be implemented and only the “Marketing Purposes” could not be 
related to any measurable variable of the laboratory experiments. This criterion 
accounted for 4,93% of the total weight. Regarding the final result of the experiment 
stage showed that this criterion would not have had influenced the outcome and could 
therefore be neglected for the further approach. 
Five entities of the experiment were defined in order to provide the necessary 
variables and data for evaluation. The entities were: 
 performance measurement 
 error measurement 
 stress test 
 feedback questionnaire 
 laboratory set-up 
 
This combination of measurement of different variables was fairly common, as the 
literature review showed (Günthner, et al., 2009). 
During the experiments three technologies competed. Besides the MR based picking 
technology, two other manual order picking technologies were tested in order to 
provide a comparison of the dependent variable “picking technology”. They are 
explained later in the set-up in chapter 7.1.3.2 “Manipulation of the Dependent Variable 
“Picking Technology” “. 
 
The entities involved the following aspects to be measured: 
 
Performance Measurement 
The measurement of the picking time provided the data for the evaluation of the 
increase in performance, as well as the learning period of the participant. The former 
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was made possible by the total picking time per technology over fifty picks. This 
provided a fairly big amount of time that was measured, thus being less prone to 
influence from any other effects. 
The data of fifty picks in a row imposed the possibility to analyse the regression of 
the times per pick and therefore evaluate any increase or decrease in performance, 
which was important for the learning curve of the participants with the technologies. 
The flexibility was another criterion assigned to the performance measurement. The 
magnitude of distribution of the picking time served as the relevant variable. 
The performance was also one aspect that influenced the costs of picking, according 
to the interviews. The cost reduction was therefore related half to the performance 
evaluation in this entity. The other half was related to the error measurement. 
 
Error Measurement 
The quality of the process and the fault prevention was the criterion related to this 
entity of the experiment. Measuring the occurred errors in relation to the total amount of 
picks provided the basis for the evaluation in this point. 
The cost reduction was also referred to the errors for half of its evaluation. 
 
Stress Test 
Testing the state of stress after each application of technology for each participant 
enabled the measurement of a stress index. The chosen stress test was the NASA-
TLX which was often referred to in similar circumstances23. 
The index value served for the evaluation of the stress level and ergonomic strain 
criterion. 
 
                                                
 
23 For further information about the NASA-TLX, its validity and reliability, please refer to chapter 
7.1.3.6. 
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Feedback Questionnaire 
After trying and experiencing all three technologies, the participants were offered a 
feedback questionnaire. Besides general data about age, experience with picking or 
HMDs, the questionnaire served the purpose to gather the feedback for: 
 ease of use 
 ergonomic factors 
 job enrichment / motivation 
 feedback 
The participants were offered multiple questions in each section to be rated. The 
rating provided the final evaluation of the technologies in these four criteria. 
 
Laboratory Setup 
The set-up of the experiment in the laboratory environment evaluated the criteria: 
 tested, approved 
 connectivity 
 reliable, failsafe 
During the duration, strain and exposure of all experiments with all participants, 
these aspects could be evaluated. 
 
The following Figure 41 is giving a visual overview of the relation of criteria and 
entities of the experiment: 
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Figure 41: Relationship of the deducted criteria and the measured variables during 
the experiments. The none covered criterion “Marketing Purposes” accounts for 4,93%. 
Combining different variables for measurement was quite common, as the literature 
review showed (Günthner, et al., 2009). 
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7.1.3 Structure of the Experiments 
The experiments took place in the logistics laboratory of the Munich University of 
Applied Sciences. 
Each experiment covered the 14 criteria as introduced in the foregoing chapter. 
The laboratory setting was not changed during the experimenting stage, neither was 
any form of measurement or any other relevant parameter. 
Firstly, each participant was introduced to the laboratory environment, the research 
objective in general and the objective of the experiments in particular. They were 
informed that the objects of measurement are the three tested technologies and not the 
personal performance. A short introduction to the orientation between the storage racks 
and the set up followed. 
 
The following Figure 42 is showing the procedure of the experiment: 
 
 
Figure 42: Approach of the laboratory experiment. The approach covers the 
laboratory setting as well as the three rounds of measurement methodologies for the 
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three different technologies and the final feedback questionnaire. The corresponding 
decision making criteria are assigned with their corresponding weight of importance for 
the interviewed decision makers. 
As discussed in chapter 7.1.2, four of the measured criteria were related to the 
laboratory environment. These were not explicitly measured for each participant but for 
the whole experiment phase. 
The individual experiment for each participant started with the random drawing of a 
paper, indicating the first technology for picking. This ensured the compensation of any 
learning effect through randomisation as discussed later during the data analysis. 
Each round consisted of the introduction to the picking technology and the first few 
trial picks. After answering any remaining question from the participant, the 
measurement of 50 picks started. This concerned error and time measurement. When 
the picking round was finished, the participant was asked to perform a stress test. 
The technologies of the second and third round were drawn randomly again and the 
same methodologies of data gathering applied. 
After all three rounds of picking were conducted, the participants were asked to fill in 
their ratings of the technologies in different aspects in a feedback questionnaire. 
Working for 14 to 35 minutes with each technology until the end of the experiment 
enabled the participants to give a more grounded feedback than asking for comments 
after each round. 
In general, the process flow of a picking step was the same for every tested device. 
The Figure 43 is giving an overview over this process. The detailed variations for each 
technology are described in chapter 7.1.3.2 “Manipulation of the Dependent Variable 
“Picking Technology” “. 
For the standard process, the participant got the information, to start the process, 
either visually or acoustically. The user then had to state the command “next order” via 
the provided interface. The WMS was then supplying the order data with article 
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number, shelf number, quantity and check information. When the participant confirmed 
the checking routine successfully, the WMS data was updated and the output “order 
finished” provided. In case the checking routine was not passed successfully, all of the 
devices stopped at this point, again providing guidance to the targeted article and shelf. 
 
 
Figure 43: Standard flow of the order picking process 
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After successful completion of one picking process, the flow started from the top with 
the recognition of the command. Only after every pick from the order list was 
completed, the system prompted the execution of the work. 
The process of picking did not involve the handling of any picking tools other than 
the picking technology. This also excluded carrying any picking boxes or consignment 
vehicles. These factors could have had an undesired and falsifying effect on the 
gathered data like in other experiments for order picking (Günthner, et al., 2009), 
(Baumann, et al., 2012). 
7.1.3.1 Laboratory Environment 
The experiments took place in the logistics laboratory of the faculty for industrial 
engineering and management at the Munich University of Applied Sciences. The 
laboratory was installed for the use with students for educational purposes and applied 
research in mind. It consisted of three alleys, each with two rows of shelves. The main 
area of the shelves was about five to four meters. Three different kinds of shelves were 
installed: shelving racks, flow racks and smaller stacking racks. The flow racks were 
equipped with pick by light modules, which were not used during the experiments. 
Figure 44 below is showing a view of the laboratory environment. 
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Figure 44: View of the laboratory environment 
The second part of the laboratory was a more open space with some tables 
allocated for meetings and a larger row of tables for working stations and servers, 
including the warehouse management system “Stradivari”. 
The WMS was coordinating the orders and the picking technologies. The orders 
were manually set up one time and reimported after each participant. So every picking 
round was exactly the same. A typical screen dialouge of the WMS can be seen in 
Figure 45. It shows the available orders before an experiment. 
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Figure 45: Dialogue screen of the Warehouse Management Software "Stradivari" 
Figure 46 shows the layout of the laboratory. For the experiment, only two of the 
alleys were used due to the better size of the stored goods. The goods there included 
small to medium sized parts, for example screws, nuts, magazines, cables. Whereas 
the last two rows included bigger boxes and elements like motor blocks which would 
have been too heavy to handle when picking manually and without assisting devices. 
Furthermore the layout showed also the starting and end point of each order cycle. 
The point was symbolised by a box for the collection of the picked goods. At this point, 
each participant started every round of picking and came back after successfully 
completing the order. This ensured the equality of the measured time per pick, as it 
always included the way into the storage area and back, regardless of whether the next 
pick position was near or far from the last one. 
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Figure 46: Layout of the laboratory environment for the experiments (not drawn to 
scale) 
53 picking positions were involved during the experiments. These positions were the 
same for every technology. In contrast to Günthner et al. (2009) the coverage of the 
picking positions involved not all of the possible racks, as they were more than 500 
positions, which would have been too much for one picking round. 
The first three positions were used for introduction and to become acquainted with 
the system and process flow. The following 50 order positions were then measured for 
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time and errors. The initial three introductory picks were only used to get the participant 
roughly used to the technology. 
Each order consisted of one position and each position had the quantity one. This 
was in contrast to Günthner et al. (2009) and Lolling (2003), who suggested the 
industrial of average 2,2 items per order positions and 3,86 positions per order 
(Günthner, et al., 2009) respectively 4,00 positions per order (Lolling, 2003), This could 
be justified by the better comparability of the time measurement, which then did not 
diversify because of the different amount of picks per order. The amount of picks per 
order and the therefore necessary picking time varied greatly in the referenced 
research approaches, without any mean to separate the parameter “amount of picks” 
during the data analysis phase. 
The comparability of the measurement data and the internal validity were set to be 
more important during the approach of this research and thus the approach of one 
position per order and one item per position was chosen. 
7.1.3.2 Manipulation of the Dependent Variable “Picking Technology” 
The set up of the laboratory environment and the setting of the whole experiment 
allowed stabilising any influencing parameters in order to prevent any undesired 
effects. 
The only variable that was changed was the picking technology. 
In reference to the abstract visualisation of the experiment methodology in general in 
chapter 4.4, the following Figure 47 shows this structure: 
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Figure 47: Manipulation of the dependent variable “picking technology” in the setup 
of the experiment 
The changes in the dependent variables that were measured (such as the time per 
pick, error rate, stress level, etc.) could therefore be related to the change of the 
technology. 
In order to eliminate any learning effect or familiarisation to the conditions of the 
experiment, the order in which the picking systems were used, was randomised. This 
could be compared to similar approaches, like Günthner et al. (2009), but was also in 
contrast to experiments conducted under the ever same order of testing different 
conditions like Hamilton et al. (1995). For the measurement of uninfluenced data and 
their corresponding evaluation, the randomised approached proved to be the only 
reliable one in the literature review. 
The different technologies were described in more detail in the following sub-
chapters. Besides the MR-prototype the two main picking technologies in the segment 
of manual picking were used. These were pick by scan and pick by voice. 
The laboratory at the Munich University of Applied Sciences is equipped with four 
technologies for order picking: paper based, pick by scan, by light and by voice. These 
technologies were solely used for educational purposes during lectures. Additionally 
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two HMDs are available, one Golden-i from Motorola Solutions and one Liteye from 
Liteye Systems. 
7.1.3.2.1 Choosing the MR - Prototype 
The preliminary decision for choosing the MR-prototype involved the decision for or 
against a prototype with assisting tracking. 
Most of the existing tracking based prototypes involved special environments with 
complex installations. Furthermore, there seemed to be no significant influence on the 
relevant variables like performance and quality (Günthner, et al., 2009). The decision 
was therefore made against a prototype with tracking. 
The applied MR-prototype was the Visual Guided Picking® system supplied by the 
company Visual Technologies (Visual Technologies, 2013) and based on the Motorola 
HC-1 (Motorola Solutions, Inc., 2013). The MR-prototype was available through a 
cooperation of the company Visual Technologies with the Munich University. Because 
of that corporation the company already had a running prototype with order picking 
software and connection to the WMS server in order to communicate data. 
As the prototype with the HC-1 was the latest hardware available and much more 
developed than the also available Golden-i and Liteye, the HC-1 was preferred for the 
experiments as the currently best available and competitive technology for the 
evaluation. 
The choice of the MR-prototype was therefore limited to the HC-1. 
 
The Equipment 
The HC-1 is a complete head mounted computer. It includes a display in front of one 
eye, two microphones, one headphone, a processor, flash memory and battery. All of 
this is built around several straps that fix the device on the head of the worker. 
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Figure 48 is showing the hardware from two different angles. The position of the 
display can be switched to the other eye, in case this is more comfortable for the user. 
 
 
Figure 48: HC-1 as the tested HMD 
The device is controlled via acoustic inputs and a gyroscope. The latter is not 
necessary during the experiments and therefore left out. 
The microphone has two inputs to reduce the effect of ambient noise. The voice 
recognition is based on natural language software which does not require learning24 
(Motorola Solutions, Inc., 2012). 
 
The Process Flow 
The flow of the HMD based picking process is only slightly adapted from the 
standard picking process. 
The user input is solely of acoustic nature. The information representation is based 
on the monitor and a recognised command is confirmed with a clicking sound through 
                                                
 
24 The detailed specification sheet of the HMD can be found in appendix 11.4.1. 
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the earphone. Figure 49 is showing the process flow. The blue highlighted elements 
and arrows symbolise the standard flow during the measurement. 
The checking routine is based on a check digit which was the last two digits of the 
article number. This number can only be found when standing at the right position in 
the warehouse. The check digit has to be entered by the user as whole number. The 
check is then performed with the data on the device and no communication with the 
WMS is involved. A quantity of one piece is not specified any further by the system and 
does not have to be confirmed. 
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Figure 49: Process flow of the HMD. The blue flow elements represent the standard 
cycle for one order. 
Figure 50 shows two exemplary visualisations as used by the HMD. The left picture 
shows the process during the orientation for the targeted shelve. The number indicated 
this shelve, whereas the second line described the item that had to be picked. The 
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device was waiting for the voice input of the correct check digit, before the process 
went over to the next step and corresponding screen. 
 
 
Figure 50: Exemplary visualisations on the HMD 
The right frame is showing the step after completion of an order. The pink words 
represented a command, expected by the system to proceed. In this case it was “next 
order”. The difference in showing or not showing the command was simply when the 
system ran a check in the background to verify the command as a form of quality test. 
The right frame on the other hand was simply the process letting the user decide when 
to proceed, without any further relevant data exchange. 
7.1.3.2.2 Choosing the Control Technologies 
As the research area was limited to manual order picking, also the control 
technologies were chosen from this field of application. 
At the moment of conduct, three different methods existed for assisting the worker 
during the consignment process. This three were: 
 paper list 
 scanning 
 voice guided picking 
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All three of these technologies were available in the laboratory of the Munich 
University, each in one specific version of hard- and software. 
The paper based method could not be compared directly to the other technologies. 
This was due to a very different process flow. The paper was not directly connected to 
a WMS and therefore could not exchange any data or update during the process. Also 
no checking routine had been implemented in any laboratory or industrial application 
before. 
Additionally other research projects also showed a significant difference of 
technology based picking versus paper based installations (Günthner, et al., 2009), 
(Ehmann & Kaiser, 2009), (Lolling, 2003). 
The controlling technologies were therefore set as: 
 pick by scan 
 pick by voice 
 
The used technologies are described in detail in the next two sub-chapters. The 
choice of hard- and software was limited to the available systems at the laboratory. 
This was mainly due to pragmatic reasons as any new technology would have required 
the financial funding of the equipment and the installation in the laboratory, mainly the 
connection to the WMS. As the existing consignment systems in the laboratory were 
already chosen via a selection process for the use as state of the art during the 
lectures at the University, they were considered as representative for the use in this 
research as well. 
7.1.3.2.2.1 Pick by Scan 
The pick by scan process was based on a mobile computer with a scanning ability 
and a data connection to the WMS. It was usually referred to as mobile data exchange, 
or short MDE. 
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The Equipment 
The MDE used for the experiment was a Symbol MC9000-G Series25. The capability 
of the mobile computer included the communication to the WMS for the exchange and 
update of order data and for the checking routines. This meant that the check for the 
correct article had a delay due to the communication over the wireless LAN. 
Figure 51 is showing the device: 
 
Figure 51: Mobile data exchange with a scanner as used for the experiments 
The MDE had an additional handle and could be hold likewise as a pistol or laying 
flat in one hand. 
                                                
 
25 The detailed specification sheet of the MDE can be found in appendix 11.4.2. 
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The Process Flow 
The process with the MDE was a bit more detailed in concern of the confirmations. In 
order to check for the correct article and avoidance of errors, two scans had to be 
conducted for every article. The first one was the scan of the material barcode; the 
second one was the scan of the shelf barcode. The quantity of one piece had then to 
be inserted in the GUI via the available buttons. 
The finalisation of the order was confirmed via the barcode of the collecting box at 
the start/end point of the process. In case any barcode were not readable, the check 
numbers could also be inserted manually via the keypad. 
Once the order was finished, the next one had to be chosen from the list of all 
available orders. The user could choose the next order according to his prioritisation. 
As the sequence of the orders was the same for every participant, the users were 
instructed to simply select the next order in the row. 
The process is visualised in the figure below: 
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Figure 52: Process flow of pick by scan. The blue flow elements represent the 
standard cycle for one order. 
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In contrast to the two other technologies, the MDE provided all the necessary 
information for picking at the same time. 
Figure 53 is showing an example of the information representation. 
 
 
Figure 53: Screenshot of the picking dialogue 
The information included order number, article number and name, quantity and shelf 
for taking and collecting. 
The communication was solely visual. The only acoustic signal was the confirmation 
of a recognised barcode by the scanner. 
7.1.3.2.2.2 Pick by Voice 
The pick by voice process was based on a mobile computer which only input and 
output interfaces consisted of a microphone and an earphone. The information were 
exchanged with the WMS and processed by the device to be represented acoustically. 
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The Equipment 
The hardware of the voice system consisted of a headset with ear- and microphone 
connected to mobile computer without display. The mobile computer was a Voxter® 
Black Edition with the Lydia Voice System, both from the company Topsystem26. 
The equipment is visualised in Figure 54. 
 
 
Figure 54: Pick by voice system as used for the experiments 
The microphone was one directional, but the technical cancellation of the ambient 
noise was different from a system based on two microphones. Therefore the voice 
recognition could also detect speech from a different person than the user. The voice 
                                                
 
26 The detailed specification sheet of the voice system can be found in appendix 11.4.3. 
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recognition had a learning program to get both, user and recognition software, to better 
understand the input. 
Also with this equipment, the checking routine was performed online via 
communication with the WMS. 
 
The Process Flow 
The voice system also had a checking routine via a check digit, like the HMD. These 
were the last two digits of the article number, spoken as two separate digits. 
In case the check was not correct or the input not understood, the process repeated 
the target shelf number. 
Also the quantity had to be confirmed and was repeated as well when not recognised 
correctly. 
After finalisation of one order, the device waited for the command “next order” and 
automatically chose the order next in line without any possibility of the user to influence 
the sequence. 
Figure 55 is showing the flow chart of the pick by voice process. 
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Figure 55: Process flow of pick by voice. The blue flow elements represent the 
standard cycle for one order. 
The communication between user and technology was acoustically only. When 
missing any information or forgetting any part of it, the participant could at any time 
prompt the system to repeat to last information given. This could be the case for 
example, when looking for the target shelf and orienting from row to cell and then in a 
row to the shelf. 
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7.1.3.2.2.3 Differences in the Process Flow of the Picking Technologies and 
Their Impact on the Experiments 
The description of the different picking technologies and their corresponding process 
flows showed that they were very similar in the main three steps: 
 providing information about the target shelf/article 
 checking the pick for the correct article 
 completion of an order and starting the next one 
Partly, the technology determined how the information was provided and how the 
communication between user and technology took place. This concerned mostly the 
distinction between acoustic and visual methods. This different way of information 
representation was typical of every technology and their characteristic one influence on 
the outcome of the measurements in the different criteria. 
Besides these technological peculiarities, the one difference of the process was the 
form of the check of the proper article to avoid picking errors. Both, the HMD and the 
voice system checked once via input of the check digit, whereas the scanner required 
two scans for this confirmation. Further on, the voice and the scan system required the 
confirmation of the quantity. This was not the case for the HMD. Lastly, the scanner 
wanted a barcode-confirmation of the collecting box at the end of the process. 
This led to the conclusion, that the error prevention capabilities provided by the 
technology increase from HMD to voice to scan. While at the same time, the necessary 
process steps, which are tantamount with necessary time, increased as well. 
The results of the data analysis confirmed these derivations. This was a preliminary 
conclusion about the influence of the process design on the results. However, this 
process design was bound to the limits of the technologies and may only offer partly 
freedom of the configuration. 
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7.1.3.3 Observations 
During all of the experiments observations were noted by the researcher. It was not 
the purpose to deduct any analysis from these observations. They were used however 
to prove whether any unforeseen effect would have had any influence on the measured 
data. This concerned the participants as well as the laboratory environment. 
Furthermore general observations and rough descriptions of every participant can be 
found in the analysis section, in chapter 7.2.2. 
7.1.3.4 Performance Measurement 
The time measurement was conducted with the help of a lap timer. One lap was the 
time from the starting point, the collecting box, and back there again for finishing one 
order. 
This allowed to measure fifty picks in a sequence per technology and per participant. 
This enabled the measurement of the total picking time as well as the progression of 
the single picking times. 
These single times enabled the further analysis of the learning effect when using a 
technology. Figure 56 is showing one exemplary progression of one round of picking. 
The linear regression trend line was added in order to see whether the candidate was 
improving over the time. In this case the negative gradient indicates an improvement. 
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Figure 56: Exemplary distribution of picking times with the linear regression trend line 
Measuring fifty picks ensured that some individual extremely long picking times had 
less influence on the total time per round which was used for the performance criteria. 
The observations also showed that candidates that were very committed to perform 
well levelled over the course of that many picks, giving the initial data points less 
weight in the total amount. 
7.1.3.5 Picking Errors 
Initially the literature review named four possible types of errors: wrong article, wrong 
quantity, missing article, defect condition of the article or the packaging (Günthner, et 
al., 2009), (Lolling, 2003). 
As the pilot experiment showed only the first category of picking errors could happen 
in the laboratory setup. Therefore the measurement concerned only the correctness of 
the article. 
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Picking errors were manually checked against the technology. This meant that the 
delivered article at the collecting box was compared to the article on the order list. This 
was done regardless of a positive check confirmation via the technology. 
7.1.3.6 Stress Level 
The stress level after each picking round was measured using the NASA-TLX test. 
The  
'NASA-TLX is a multi-dimensional scale designed to obtain workload 
estimates from one or more operators while they are performing a task or 
immediately afterwards. The years of research that preceded subscale 
selection and the weighted averaging approach resulted in a tool that has 
proven to be reasonably easy to use and reliably sensitive to 
experimentally important manipulations over the past 20 years.' (Hart, 
2006, p. 904) 
The workload of the participant was rated on a scale from very low to very high in the 
following six factors: 
 mental demand 
 physical demand 
 temporal demand 
 effort 
 frustration 
 performance 
 
This was followed by a pair wise comparison of the same aspects with a prioritisation 
of one of these criteria concerning the level of contribution to the personal workload. 
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The initial direct rating was then related to the weight of the factor derived from the 
pair wise comparisons. Figure 57 is showing an exemplary result for the different 
factors (in the left bar chart) and the total result value (in the right bar chart). 
 
Figure 57: Exemplary resulting weight of a NASA-TLX test according to Hart (2006. 
p. 904) – The figure shows the strength of the TLX test in combining the subjective 
evaluation of the stress influencing criteria with an objective weighting. These two steps 
are represented by the width (i.e. weighting) and height (i.e. rating) of the columns. 
The NASA-TLX test was common test procedure for more than 20 years at the time 
of the research and also widely spread among different social and business research 
areas (Hart & Staveland, 1988), (Felton, et al., 2012), (Matthews, et al., 2003), (Noyes 
& Bruneau, 2007). 
 
Besides the wide prevalence of the test in the research community, the main 
advantage of the test was the result of only one value which could be easily compared 
during the analysis phase. 
The tests were conducted with the help of a computer based version in English.  
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7.1.3.7 Feedback Questionnaire 
The feedback questionnaire offered after the three rounds of getting to know and use 
the picking technologies aimed for the evaluation of the user. 
The questionnaire consisted of five segments as follows: 
 General data 
 Ease of use 
 Ergonomics 
 Motivation 
 Feedback 
 
The general data addressed the age of the participant and asked for any previous 
experience in order picking or with HMDs. 
 
The four main segments were elaborated with the literature review and the analysis 
of the expert interviews in mind. 
These segments had to be rated with one to five points, absolutely and in relation to 
each other: 
 
Please evaluate the performance of the three tested technologies in the following 
criteria. Please assess for each technology and each category up to five points (5 = 
very good; 4 = good, 3 = mediocre; 2 = bad; 1 = very bad): 
 
Scanner Voice Head Mounted Display 
   
 
The questions for evaluation were the following, according to their affiliation of 
criteria: 
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1. Ease of use 
1.1. How well were you accompanied by the technology during your task? 
1.2. How easy was it to learn using the device? 
1.3. How secure did you feel in using the technology at the end of the experiment? 
1.4. How much could improve in using the device in the course of the experiment? 
1.5. How much were you assisted by the technology? 
 
2. Ergonomics 
2.1. Which device was more comfortable to work with? 
2.2. How do you rate the overall weight of the device? 
2.3. How do you assess the wearing comfort of the device? 
2.4. How was your physical condition after the experiment round with the respective 
technology? 
2.5. Which technology was more unostentatious? 
 
3. Motivation 
3.1. How much did you enjoy working with this technology? 
3.2. To what extent improved the technology your motivation to work? 
3.3. With which device can you imagine to cover additional tasks around and 
beside the order picking process? 
 
4. Feedback 
4.1. Can you imagine yourself using the technology on a daily basis? 
4.2. For which technology do you see the biggest potential for future application in 
order picking? 
4.3. Would you recommend the use of the device to others? 
4.4. Which technology would you prefer for yourself? 
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The segment motivation was combined with the criteria for job enrichment, addition 
of tasks and change of activity (goods inward, dispatch) as suggested by Lolling 
(2003). 
7.1.3.8 Description of the Sample and the Sampling Technique 
The questions about the sample size and the number and type of participants were 
decisive for the validity and also the reliability of the experiment approach and the 
derived findings. 
On the background of the experiment’s objective, the participants were preferred to 
be mostly unbiased and therefore had to be inexperienced with the technologies. 
Employees working with a specific technology for many years would have been 
strongly influenced by their experience and in their opinion even before the start of the 
experiment. This could have been overcome only, when cross-sampling with three 
sample groups experienced with one of the technologies could have been carried out. 
As there was obviously no employees experienced with HMDs at the time of the 
research, this approach was not followed any further. 
The better choice therefore was to conduct the experiments with participants mostly 
inexperienced with the industrial and daily operation in order picking. 
This led to a non-probability sampling. More specific this was purposive sampling 
and homogenous. This provided greater depth and more data in contrast to interviews 
which were considered heterogeneous with a maximum variation of input (Saunders, et 
al., 2007). At this stage of the research, the breadth of the topic was already narrowed 
down by the results from the interviews via the found 15 criteria. The decision for the 
depth of the data at this point was therefore also the better choice in order increase 
validity and reliability of the mixed-methods approach. 
Laboratory Experiments 
 
 
 
 
 
- 210 - 
Alvarez and Rodriguez-Miguez (2011) back this approach when comparing the 
results of two groups in their social studies. One was directly affected by the topic, the 
other, not affected, group proved to be unbiased and not influenced. 
Also Meier et al. (2012) stated that previous experience might affect preferences. 
These preferences also may change over time, because of changes in individual 
perception and increasing experience. 
In conclusion, the request for participants was therefore targeted at students and 
staff members of the Faculty of Business Administration and Engineering at the Munich 
University of Applied Sciences. They came from the desired background for production 
management and logistics but were at the same time neither affected by the outcome 
of the experiments nor were the biased by any form of bigger previous experience in 
order picking. 
 
Given the amount of time for the experimenting stage was limited, another decision 
concerned the number of participants versus the time per experiment. 
Saunders et al. discussed this matter with the advice to 
'remember that small populations can make statistical tests insensitive, while 
very large samples can make statistically tests overly sensitive.' (Saunders, et al., 
2007, p. 443). 
 
The parameters influenced by this decision are visualised in Figure 58 below: 
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Figure 58: Influence of the quantity of participants on the objectives of the 
experiment 
More participants with a shorter duration of each experiment would have let to more 
quantitative data for the stress level, the feedback questionnaires and the total times 
per technology. On the other hand the significance and depth of data would have 
decreased likewise. Additionally, the data were more resistant to any influencing 
parameters like bias in the latter case. 
The total number of picks was unaffected in any case, so the error measurement 
was the one factor not influenced by the decision. 
The depth of data was considered to be of higher importance at this stage and as 
discussed above for the non-probability sampling. This led to the decision for fewer 
participants with a longer duration of each experiment. 
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Besides the relation of number of participants to duration of an experiment, the next 
step considered the total amount of data to be gathered. 
Hakim pointed out, that a rather small group has to be preferred when a large and 
representative sample would have been too costly and complex. 
Given the examples of other, similar research projects, there are four to be 
considered in this context. 
Torbica and Fattore (2010) conducted a questionnaire base survey in clinical 
decision making. They consulted 129 respondents at a mean time of 8,39 minutes. 
Günthner et al. (2009) conducted experiments with 18 participants and three 
technologies in order picking for around 90 minutes each. 
Baumann et al. (2012) conducted partly industrial experiments with seven 
participants over eight hours. The industrial attribute concerned only the environment, 
as the conduct of the experiments and the set up were not part of the daily operation 
and task load of the applying company. 
Meier et al. (2012) conducted experiments with animal replicates: up to five, six at a 
time over several days. Also Hamilton et al. (1995) conducted experiments with 11 
professional over a sequence of five days. 
Additional consulted examples of experiments in research included Faes et al.(2011) 
with an optimised model for obtaining results using a reduced number of experiments. 
When combining the number of experiments with their length, the referenced 
literature was visualised as product of amount of experiments with their duration as in 
Figure 59: 
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Figure 59: Relation of the number of participants and the duration of an experiment, 
as derived from the literature review – As can be seen, the relation of number of 
participants and duration of one experiment is decisive for the depth of this research 
step. 
It was then deducted for this research that the combination of the number of 
participants and the mean duration of one experiment had to be at least on the line of 
the deducted product from the literature review in this area or above. 
As can be seen in the figure, the actual number of conducted experiments and their 
length fulfils this criterion. 
As conclusion, the experiment was performed by 20 participants for a mean duration 
of around two hours. As a captive population, students and employees of the Faculty of 
(Meier et al., 
2012) 
(Baumann et al., 
2012) 
(Günthner et al., 
2009) (Torbica & 
Fattore, 2010) 
(Hamilton et al., 
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Business Administration and Engineering at the Munich University of Applied Sciences 
took part. 
 
Figure 60: Two participants during the picking round (on the left) and the stress test 
(on the right) 
Figure 60 is showing two of the participants during the experiment. The left one was 
photographed during a picking round and the time, respectively error measurement. 
The right picture was taken when the participant was evaluating his stress level during 
the computer based NASA-TLX test. 
 
Besides the discussions about the number of participants and the depth of the 
experiments one recommendation from the literature review was to conduct a pilot 
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phase with a part of the sample (Torbica & Fattore, 2010). This approach was 
undertaken and is described with its results in chapter 7.1.4.1. 
7.1.3.9 Handling the Experimental and the Control Group 
The order of testing the different technologies was randomised as the participant had 
to pick a piece of paper on which backside the technology was written down for each 
round. 
This ensured the compensation of learning or training effects concerning the 
laboratory environment, the orientation in the laboratory and the experiment procedure. 
7.1.4 Sequence of Conduct 
Each experiment followed the same sequence of conduct. 
First of all, the general preparation for more experiments on the same day took 
place: 
 start of the WMS 
 back up of the order database 
 start of additional plug-ins like the voice and HMD software 
 initialising of the hardware of the three picking technologies 
 check of the functionality of the order database 
 pretesting the orders with the picking devices 
 
Before each individual experiment, additional preparations then had to be made: 
 start of the measuring software: lap timer, NASA-TLX, observation list 
 paperwork: error list, feedback questionnaire, ethics protocol, introductory notes 
 
When the preparation was done and the participant arrived, the introduction to the 
experiment and the research project took place. This included the following contents: 
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 ethics protocol 
o information about the overall research objective 
o information about the foregoing interviews 
o anonymity of the participant and possibility of withdrawal 
 structure of the experiment 
o three picking rounds 
o measurement of time, error and stress level 
o aim to measure the technologies’ performance and not the participant’s 
o feedback questionnaire 
 picking technologies 
o trial phase 
o measuring phase 
 structure of the laboratory and the environment 
o rows 
o numbering of the shelves, orientation 
o different kind of shelves 
 any further questions from the participant 
 
Once any remaining questions from the participant were clarified, the experiment 
took place. 
7.1.4.1 Pilot Phase 
Preceding the actual data generation with participants via the experiments, a pilot 
phase was initiated. This study provided the test of the fitness of the approach for both, 
the conduct of the experiments and the gathering of the data for the following analysis. 
The experiment was prepared and conducted like any of the following experiments. It 
provided the opportunity to observe any unexpected ambiguities and missing steps or 
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information. These findings could then be implemented in the final structure of the 
experiments described in chapter 7.1 Conduct of the Experiments. 
This prevented a “one-hit”-character of the approach for better reliability and validity. 
7.1.4.1.1 Observations 
The participant of the pilot experiment was a student at the Munich University of 
Applied Sciences, who had already worked together with the researcher during a 
project for implementing a MR-based order picking system at an industrial partner. This 
system was also the basis for the VEPS used during the experiments. This gave him 
already experience in working with a head mounted display and the process of order 
picking in general. 
For every technology the targeted 50 picks were conducted in addition to the three 
initial picks for getting to know the technology and the corresponding process. 
Additional observations included the commitment of the participant to the test, which 
resulted in walking very fast during picking. The commitment decreased, once the 
concentration focused more on the communication with the device after a few picks. 
The large amount of 50 picks per technology therefore proved to be efficient in 
negating any potential bias of the participant in influencing the outcome of the 
experiment. 
Overall, the pilot experiment offered no additional necessities during the conduct. 
The generated data is presented and evaluated in the next chapter. 
7.1.4.1.2 Data and Analysis 
Given the overall successful conduct of the pilot experiment, the gathered data was 
analysed to the extent of whether the aspired criteria of measurement could be 
addressed. This did not include any further statistical analysis and deduction of results. 
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This was reserved for the final analysis of the experiments with the appropriate sample 
size and amount of data. 
7.1.4.1.2.1 Laboratory Setting 
The laboratory setting aimed for the proof of the following criteria: 
 a tested technology, approved for further use 
 connectivity of the technology 
 rugged technology for industrial use 
 reliability 
 
The pilot test addressed these fields so far as described in the following. 
 
Tested, Approved 
All of the three picking technologies were able to process the order picking flow. The 
distribution of the time measurement27 showed no significant deviations that may have 
suggested one of the devices is not able to work in an appropriate manner. Altogether, 
no technical or human factors restricted the work during picking. 
 
Connectivity 
The three technologies worked as intended in the laboratory environment. The 
connection to the WMS, respectively the server coordinating the different orders, 
worked in all three cases. This included the software connectivity as well as the WLAN 
infrastructure. The data exchange included the order data for processing the picking as 
well as the update of successfully accomplished orders in the database 
  
                                                
 
27 The detailed description of the time measurement and the distribution of the values can be found in 
7.1.4.1.2.2 Performance Measurement. 
Laboratory Experiments 
 
 
 
 
 
- 219 - 
Rugged Technology 
All three devices endured the duration of the experiment without any problems. The 
battery life was more than enough for the time used. Neither was there any disturbance 
of the wireless communication through the metallic installations, nor did the other 
conditions influence the functionality of the order picking systems. 
 
Reliability 
None of the devices showed any signs of declination in the performance during the 
test. All three worked constantly and communicated with the order database from the 
first to the last pick. 
 
7.1.4.1.2.2 Performance Measurement 
The focus of the performance measurement was threefold to cover the criteria of 
performance, cost reduction and short learning period. 
The measured times per pick and the progression for each technology can be seen 
in Figure 61 below: 
Laboratory Experiments 
 
 
 
 
 
- 220 - 
 
Figure 61: Exemplary progression of the picking times 
The picking times diversified due to the different processes, walking distances and 
other influences. The total of 150 picks could be measured as targeted for further 
analysis. 
To address the direct comparison of the performance of the technologies, the 
average picking time and the median time could be calculated and are visualised in 
Figure 62 and Figure 63. This enabled the visualisation and analysis of both, normally 
and not normally distributed variables. 
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Figure 62: Preliminary result of the average picking time 
 
Figure 63: Preliminary result of the median picking time 
Any decision for the use of average values or quartiles had to be made after the full 
set of data was gathered. In order to examine the possibility of a distribution analysis, a 
box and whisker plot was successfully deducted for Figure 64. 
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Figure 64: Preliminary box and whisker plot of the time per pick during the pilot 
phase 
The boxes were calculated for the quartiles and the median respectively. The 
whiskers were calculated for the minimum and maximum value in order to visualise the 
total dispersion of the picking times. 
The calculation and data presentation proved the ability of the experiment structure 
to provide the necessary data precision for the analysis and derived evaluation of the 
performance and cost criteria. 
The third aspect of the learning curve effect was tested by using a linear regression 
trend line. The following Figure 65 is showing the progression curve of the pick by 
voice measurements. The calculated regression line and the corresponding formula 
were calculated using Excel 2007. 
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Figure 65: Exemplary linear trend line with the corresponding regression for analysis 
of the learning curve effect 
The standard function of the formula is: 
              
Equation 1: Linear trendline for the regression analysis of the picking times 
where: 
y(x) = value y for observation x 
a = average change in y given a one unit change in x 
b = mean value of y when x is zero (Smith, 2010) 
 
In this case the value for a = -0,0902, suggested a slight reduction of the necessary 
picking time over an increasing usage of the voice controlled device. 
This was done for all three technologies and combined in Figure 66. 
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Figure 66: Preliminary regression values for the learning curve effect 
For the preliminary test, this was enough to suggest the further application of the 
measurement methodology. Any more specific analysis of the data was then 
suspended until after the completion of the data gathering. 
The flexibility of the technology in terms of being adaptable to different users and 
their preferences could not be tested during the pilot phase, as more measurements 
would have been necessary. Nevertheless, the evaluation in this point proofed to be 
possible, as the mean data gathering of the performance measurement offered the 
desired array of data points (e.g. time per pick and total time for a whole picking round). 
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7.1.4.1.3 Quality 
In the total of 150 picks, only one error occurred, while using the head mounted 
display (see Figure 67 for detail). 
 
Figure 67: Preliminary error count 
The error occurred because of an incorrect recognition of the wrong check digit via 
the voice recognition. 
The initial error count method allowed for four different possibilities of making a 
mistake, as can be seen in Table 12 below. 
 
 
Table 12: Preliminary table of the measured picking errors 
Tec hnology Sc an Voic e HMD
W rong Artic le 0 1 0 
W rong Quantity 0 0 0 
Missing Position 0 0 0 
Defec t Condition 0 0 0 
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However, the conduct of the pilot test pointed out, that only one of these possibilities 
might occur. 
The errors concerning the wrong quantity and a missing position could not happen. 
The quantity was always one which would have led to a halt in the process flow of 
every technology if any other quantity, including zero, or not picking a position would 
have been communicated. The possible defect condition could not have occurred, as 
the parts are mostly metal but always items, indestructible during manual order picking 
without any tools. 
The deductions therefore were to exclude these three possible types of making a 
wrong pick from the measurement of the experiments. However, the evaluation of the 
criterion “quality” would still be achievable as the comparability of the technologies was 
not changed by the reduction of the data. 
7.1.4.1.3.1 Stress Level 
The participant performed the NASA-TLX test three times, after each round of 
picking. The English Version of the software provided no problems for the native 
German. Even though, a translation of the essential six parameters was produced by 
the researcher subsequent to the test and provided for the following experiments. Also, 
the introduction addressed the clarification of the terms in particular. 
The criterion “stress level” was summarised by the TLX in one single value. The 
three initial results can be seen in Figure 68. 
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Figure 68: Result of the preliminary TLX test 
The range of the resulting value was from 0 to 100, with the latter being the most 
straining and stressing evaluation. The visualisation of a greater number of TLX-values 
for each technology would have to be tested for its form of distribution, when analysing 
the data. The resulting single value for each technology made it straightforward to 
evaluate the performance in this category. 
7.1.4.1.3.2 Feedback Questionnaire 
The last part of the pilot test involved the categories “ease of use”, “ergonomics”, 
“motivation” and “feedback” in a questionnaire, filled out by the participant. 
The questionnaire  
Including the general data at the beginning, all of the questions were understood and 
also the rating scale was applied successfully. 
For a first analysis, the points per technology and category were summed up, to 
provide an overview of a possible ranking. 
The following tables show these summaries. 
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Ease of Use 
Question Scan Voice HMD 
 2.1 3 4 5 
 2.2 3 4 5 
 2.3 4 5 5 
 2.4 5 4 3 
 2.5 3 4 4 Maximum: 
 
18 21 22 25 
Table 13: Preliminary result for the rating in ease of use 
 
Ergonomics 
Question Scan Voice HMD 
 3.1 3 4 5 
 3.2 3 5 3 
 3.3 3 5 3 
 3.4 4 4 4 
 3.5 4 3 5 Maximum: 
 
17 21 20 25 
Table 14: Preliminary result for the rating in ergonomics 
 
Motivation 
Question Scan Voice HMD 
 4.1 3 3 5 
 4.2 3 2 3 
 4.3 4 3 5 Maximum: 
 
10 8 13 15 
Table 15: Preliminary result for the rating in motivation 
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Feedback 
Question Scan Voice HMD 
 5.1 4 2 4 
 5.2 3 3 5 
 5.3 3 2 4 
 5.4 3 2 4 Maximum: 
 
13 9 17 20 
Table 16: Preliminary result for the rating in the feedback section 
In relation to a maximum number of points in each category, these data could 
provide the ranking of the technologies for the sample of the experiments. 
Altogether, the conduct and data gathering with the questionnaire remained 
unchanged after the pilot study. 
7.1.4.2 Deductions for the Following Experiments and Adaptations 
In summary, the pilot phase brought three major realisations. 
Firstly, any potential bias or motivation of a participant to influence the outcome of 
the experiment during the performance measurement could be discarded for the most 
part, due to the length of the picking rounds. The ongoing measurement of around half 
an hour per technology strained the concentration of the participant on his intentions 
very fast. This could influence the interpretation of the learning curve effect. However, 
the effect was measured over the total of fifty picks and may not react so much to 
altered data in the first third of the measurements. 
The second amendment of the conduct referred to the reduction of qualitatively 
possible picking errors, without reducing the possible quantity of mistakes. This 
affected all three technologies equally and therefore simplified the data gathering 
without affecting the quality of the data. 
The last change concerned the language of the TLX-test, which was English. The six 
relevant factors that were describing the possible stress for the participant were 
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translated in German in addition to a more precise introduction to the test, at the 
beginning of the experiment. 
 
Overall, the experiment was tested successfully during the pilot phase. The slight 
amendments were deducted and applied for the following main part. 
The trial phase therefore provided additional support for the validity of the 
experiment approach. 
7.2 Analysis of the Experiments 
The following chapter describes the approach of the data analysis from the 
experiments and the process of deducing the results from them in this stage of the 
research. 
Firstly, the statistical methodologies and applied tests are discussed. This included 
the coding of the raw data, the descriptive and significance testing and a preliminary 
analysis of the gathered data. 
Afterwards, the observation of the participants during the different experiments is 
stated shortly, together with relevant remarks for the further analysis. 
Thirdly, the data was analysed according to the 14 criteria relevant for the decision 
making process. As the criteria were related to the different parts of the experiment 
setup and methods of measurement, the analysis follows this structure. The sequence 
was: 
 laboratory setting 
 stress level 
 feedback questionnaire 
 quality 
 performance 
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Lastly, the results in the 14 criteria are summarised and discussed. 
7.2.1 Data Coding, Testing and Preliminary Exploratory Analysis 
The 20 experiments conducted endured from around 110 to 140 minutes. In total 
3,000 picks were measured, 1,000 for each technology. The 60 picking rounds 
accounted for an equal number of stress level measurements and feedback 
questionnaires. 
None of the initial participants caused non-usable data or withdrew. 
In the following, the approach the approach of the data analysis and the background 
of the used methodologies for descriptive and significance testing are explained. The 
level of significance and the handling of type I and type II errors was discussed. Finally, 
the applied computer assisted data analysis software was presented and for what it 
was used. 
7.2.1.1 Approach of the Data Analysis 
The focus of the data analysis was to evaluate the performance of the three tested 
picking technologies in each criterion and to provide a relative ranking. 
In order to provide the basis for these discussions, the distribution of the data had to 
be tested for the kind of descriptive distribution they can be represented with and 
whether there is a significant difference to be evaluated. 
Null hypotheses had to be formulated to provide the basis for testing (Blaikie, 2003), 
(Bryman & Bell, 2011). 
For most criteria the testing involved two steps: firstly the testing of one sample 
against a standard distribution (descriptive testing) and secondly, the testing for 
significance between the samples in one category. If the respective hypotheses in all 
the cases were to be retained, the  
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7.2.1.1.1 Descriptive Testing 
Testing for a descriptive distribution can be achieved with multiple tests: 
 Chi-Squared 
 Anderson-Darling 
 d’Agostino 
 Kolmogorov-Smirnov 
 Shapiro-Wilk (Abel, 2009) 
 
These tests were used to compare the significance of the distribution of the sample 
data against the distribution of a standardised distribution.  
The primary focus in this research project was to test the significance against the 
normal distribution. The literature review revealed the chi-squared and Kolmogorov-
Smirnov tests to be the most common and applied tests. 
The chi-squared test was the most known test according to Abel (2009) and a 
common parametric, statistical mechanism (Young, 1977). 
The Kolmogorov-Smirnov test on the other hand was described as very common, yet 
with some disadvantages according to Abel(2009). Whereas Young (1977) hold it for a 
powerful tool for the statistical analysis of histogram data. This test was for 
independent samples and based maximum difference in the empiric distribution 
function. Schröer and Trenkler (1995) deemed it capable for a robust testing against 
multiple different distributions. 
It could be used for two different purposes: whether a histogram was a sample of 
some underlying, continuous probability density function, or when two samples from 
the same, but not necessarily known probability density function had to be tested. The 
test was non-parametric, so no assumption had to be made concerning the distribution 
of the variables in contrast to the chi-squared (Young, 1977). 
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This final argument of Young (1977) together with the versatility and robustness of 
the Kolmogorov-Smirnov test let to its application for the following data analysis. 
 
One calculation during the analysis that was not part of the testing but also belonged 
to the descriptive analysis was Pearson’s product moment correlation coefficient, or 
short Pearson’s r. 
It represented the extent to which data has the same relative position on two 
variables and was produced by standardising the covariance. 
The coefficient could range from -1 to +1; where 0 represents no linear relationship 
and 1 a perfect linear relationship in either directions. Distribution had to be broadly 
linear, may be scattered and did not curve. The square of Pearson’s r could further be 
used as the coefficient of determination (Blaikie, 2003), (Bryman & Bell, 2011). 
7.2.1.1.2 Testing for Significance 
In general the size of the sample had influence on the stability of the outcome 
(Bryman & Bell, 2011). This had to be considered, when choosing the appropriate tests 
for significance. 
Derived from the literature review, the two main tests that were applicable to conduct 
a means analysis were the Wilcoxon test for comparing two samples and the one-way 
analysis of variance, or short one-way ANOVA, for more than two samples (Blaikie, 
2003). 
 
Wilcoxon Test 
This was a non-parametric test to examine the differences between dependent 
groups. The decision for a segregated-one-tailed or an integrated-two-tailed version 
(for example with SPSS) could have had an impact on the observed probability (Khan, 
2005). According to Blaikie (2003), the Wilcoxon test could be seen as an equivalent to 
Laboratory Experiments 
 
 
 
 
 
- 234 - 
the Mann-Whitney U test,. Following Miller (1969), the sample size must not be too 
small which was not the case with a size of 20. In other cases, the Wilcoxon test could 
be less robust than the t test. 
 
Analysis of Variance (ANOVA) 
Considered as cornerstone of applied statistics (Akritas & Brunner, 2003), ANOVA 
could be successfully used in analysing selected aspects. Cvijovic et al. (2005) deem it 
the most objective method. The sample size established the confidence level as for the 
critical F value of the Fisher test  Also Akritas and Brunner (2003) pointed out that 
small sample sizes may have been slightly biased. They discussed the application of 
ANOVA for up to three covariates effectively. After four or more covariates the "curse of 
dimensionality" effects took over.Furthermore obtained results from Cvijovic et al. 
(2005) clearly showed that databases of different sizes could be analysed successfully  
The test was not so much depending on a known distribution, therefore this test was 
advisable even after the nonparametric Kolmogorov-Smirnov test in order to minimise 
the type II error risk (Akritas & Brunner, 2003). It was more resistant against outliers 
and more useful, when the underlying distribution would be asymmetric compared to 
other tests (Schröer & Trenkler, 1995). 
The ANOVA was tested successfully against repeated measurement effects, like 
learning and growth effects (Akritas & Brunner, 2003), (Hamilton, et al., 1995) 
Finally the comparison of the means of one outcome variable between two or more 
different samples, between-sample comparison, was considered pragmatic for 
reasonably normal distributions and reasonable equivalence between standard 
deviations according to Blaikie (2003). 
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7.2.1.1.3 Significance Level and Type I and Type II Errors 
Besides the methodology of testing, the level of significance was determining for the 
validity of the results as well. 
'If we take as significant, say, the 0.05 level, then we have a one in 
twenty possibility of getting an apparently significant result by chance 
alone.' (Miller, 1969, p. 371) 
On the other hand balancing between the possibility of type I and type II errors was 
the main decision to be made. 
The higher, the level for α was set, the higher the risk of a type II error was. In other 
words decreasing the risk for a type I error automatically increased the risk of a type II 
error, but the leverage could not be specified in most cases (Saunders, et al., 2007), 
(Bryman & Bell, 2011), (Blaikie, 2003). 
The main distinction was usually between a significance level of 0.05 or 0.01 
(Saunders, et al., 2007), (Bryman & Bell, 2011). The convention in the social sciences 
was at 0.05 (Blaikie, 2003). 
Abel discussed the issues of setting the significance level further. The test result 
depended on the level of significance, so there was usually a temptation to adjust the 
level according to the results. The significance level accounted for the probability of 
rejecting a true null hypothesis, not for retaining a false null hypothesis, this would be β, 
but it could only be calculated very difficult. The samples had to be random and 
independent. Additionally the size of the samples influenced the outcome: small 
samples trended more to rejection, bigger samples trended more to no rejection (Abel, 
2009). 
Abel (2009) could be considered to be very critical with the offered statistical testing 
and the probability to deduct valid results. His advice was not only to conduct tests but 
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also to visualise the data using descriptive graphs like the box and whisker plot to 
visualise the data and visually check the distribution and versus the hypothesis tests. 
 
Considering the conventions in the business and social research, the significance 
level for the data analysis was set to 0.05. This should ensure the reliability and 
trustworthiness of the results on the common basis in the research community. 
To take Abel’s (2009) reasonable remarks into account, the testing results were also 
checked visually via the corresponding box and whisker plots for the probability of a 
misinterpretation. 
7.2.1.1.4 Computer Assisted Data Analysis 
The data analysis was assisted by two computer programs. One was the IBM SPSS 
Statistics 20, the other one Microsoft Excel 2007 with the Analysis ToolPak. 
SPSS would have been capable of conducting all the tests as discussed above. The 
program itself came with many possibilities to specify in detail what analyses to 
conduct and how. It was highly automated and suggests tests automatically. The 
reliable processing of data had been proven many times like for example from Khan 
(2005). 
Excel on the other hand was much more transparent because all settings have to be 
adjusted manually. Additionally the degree of freedom in using the data, analysing and 
visualising it was much higher. Then again, one had to be careful as it may be have 
been susceptible to mistakes, like typing errors and misinterpretation. 
The literature review for statistical analysis provided therefore the background to 
operate SPSS manually to the level of detail necessary and use Excel when possible 
and without any concessions to the validity of the approach. 
In detail, the different software packages were used for the following: 
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IBM SPSS Statistics 20 
 one sample Kolmogorov-Smirnov test 
 Wilcoxon matched pair signed rank test for 2 samples 
 descriptive statistics and histograms 
 
Excel 2007 with the analysis toolpak add-in 
 single factor ANOVA 
 Pearson’s r 
 graphs for the descriptive statistics 
 
 
7.2.1.2 The Different Levels of Numerical Measurement 
In preparation of the experiment approach, the type of the gathered data was defined 
as well. This was to make sure that the desired evaluation and testing of the data was 
possible at the necessary level of detail. In reference to Saunders et al. (2007) and 
Bryman and Bell (2011), the data was categorised. 
Table 17 is offering an overview of the area of data and the corresponding type: 
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Area of Data Type of Data 
Performance Measurement 
   
Time per Pick Quantifiable Ratio Continuous 
Total Picking Time Quantifiable Ratio Continuous 
Error Rate Quantifiable Interval Discrete 
TLX Test Quantifiable Ratio Continuous 
Feedback Questionnaire 
   
Gender Categorical 
Descriptive 
(Dichotomous)  
Picking Experience 
   
Yes / No Categorical 
Descriptive 
(Dichotomous)  
Duration Quantifiable Ratio Continuous 
Technology Categorical 
Descriptive 
(Nominal)  
HMD Experience 
   
Yes / No Categorical 
Descriptive 
(Dichotomous)  
Technology Categorical 
Descriptive 
(Nominal)  
Ease of Use Quantifiable Interval Discrete 
Ergonomics Quantifiable Interval Discrete 
Motivation Quantifiable Interval Discrete 
Feedback Quantifiable Interval Discrete 
Table 17: Data types of the experiment 
The performance measurement was gathering the time per pick and the total picking 
time, which both were quantifiable, continuous ratio data. 
The error rate was measured as a quantifiable and discrete interval data. 
The TLX index data was a quantifiable and continuous ratio data. 
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The feedback questionnaire consisted of five segments. The first segment with the 
general information about the participant included: 
 categorical and descriptive (dichotomous) data for the gender 
 categorical and descriptive (dichotomous) data for the previous picking 
experience 
 quantifiable and continuous ratio data for the duration of any previous picking 
experience 
 categorical and descriptive (nominal) data for the previously experienced 
picking technology 
 categorical and descriptive (dichotomous) data for the previous experience with 
HMDs 
 categorical and descriptive (nominal) data for the previously experienced HMD 
technology 
The feedback question in the following four segments were all quantifiable and 
discrete interval data. 
7.2.1.3 Preliminary Analysis 
The preliminary analysis of the data included and exploratory analysis of the sample 
properties. 
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Gender 
In regard of the gender of the 20 participants, six were female and 14 were male. 
Figure 69 is showing the distribution: 
 
 
Figure 69: Pie chart of the gender distribution 
The influence of the gender on the performance in the different criteria was not in the 
focus of the research and therefore there was no distinction for gender-related 
evaluation of the data. 
However, the purpose of this statistic was to show a representative basis of the 
sample during the experiment. This should ensure the reliability of the results. 
 
Age 
The distribution of the age of the participants is shown in Figure 70. 
Because of the affinity to the University, most of the participants were at the age of 
typical students and between 20 and 30 years old (13 participants). 
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Figure 70: Histogram of the age of the participants 
The age may not have been representative for industrial applications. Yet some 
participants already had gathered experience in such environments and process, as 
the evaluation of the previous experience in order picking showed. 
 
Previous Experience in Order Picking 
The participants were asked whether they had any previous experience with 
consignment process; if yes, for how long and with what technology they had worked. 
Table 18 is giving an overview over the statements: 
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Participant ID Duration of Experience Used Technologies 
2 6 months Pick by Light 
5 5 years Pick by Paper, Voice, Scan, Light 
7 1 year Pick by Voice 
9 3 weeks Pick by Paper, Scan 
11 1 day Pick by Scan, Voice 
19 1,5 years Pick by Voice 
Table 18: Data matrix of the participants’ previous picking experience 
Six of the participants stated that they already had experience. The duration of said 
experience greatly varied from one day up to five years. 
In order visualise the stretch of the data, a histogram was built in Figure 71. 
 
 
Figure 71: Histogram of the previous order picking experience of the participants 
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Participant number five with five years of experience explained that the experience 
was not based on daily operation with such technologies, but the theoretical and 
practical usage during research projects. This decreased the actual duration of 
previous experience. 
As the length of working in order picking may have had an influence on the 
performance, this had to be considered when analysing the data. 
Therefore null hypotheses for the influence of experience when analysing the data in 
the different categories and where applicable were formulated. 
 
Previous Experience with Head Mounted Displays 
Only two participants stated any previous experience with HMDs as visualised in the 
pie chart in Figure 72. 
 
 
Figure 72: Pie chart of the participants previous experience with HMDs 
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These were not many in relation to the whole sample which made the kind of 
experience more important. 
The specifications of these experiences were formulated as follows in Table 19 
below: 
 
Participant ID Type of Experience 
1 Software development with HMDs 
2 Marketing purposes on trade fairs 
Table 19: Data matrix of the previous experience with HMDs 
Participant number one seemed to have worked with the software functionality as 
well as with the hardware of HMDs. Candidate number two could not further specify the 
weight of experience. 
Both seemed to have been working only tangentially with HMDs and not on a daily 
basis. This led to one reason of neglecting this parameter for the following data 
analysis. 
Furthermore, the sample size of two in contrast to 18 participants was not big 
enough for any statistical evaluation of influence. No null hypotheses for the influence 
of HMD based experience when analysing the data in the different categories were 
formulated 
 
Previous Experience in Order Picking and with Head Mounted Displays 
Only one candidate (participant number two) stated previous experience in both 
areas. However, the amount of experience was very little on both scales, so this fact 
was not considered any further for the analysis. 
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7.2.1.4 Rating of the Performance of a Technology in a Measured Criterion 
For the overall comparison of the performance of the technologies in different 
categories, a standardised scale was used. 
After testing the results for an underlying distribution and significance, the 
comparability within the category was ensured. The results could then be transformed 
to an evaluated result. 
The achieved rating ranged from zero for the worst result to five for the best result. 
The scale was adapted to the worst possible and the best achieved single result 
from any of the 20 experiments in the category. The value was therefore quantifiable 
and continuous ratio data, regardless of the kind of data of the category. 
The focus with this kind of rating was therefore not only to evaluate an absolute 
ranking of the technologies, but also to evaluate the relative performance on the total 
scale of achievable results in general. This made the evaluation much more 
independent from the setup with these three specific technologies. So in case the 
experiment may have been conducted with one or more different, new picking systems 
the overall comparison was still given. 
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The equation for converting the performance in one category and per technology is 
given in Equation 2: 
 
                            
                                          
                                             
 
Equation 2: General calculation of the rating result of a technology within one 
criterion 
 
So following the statistical analysis in every category, the final results could be given 
in the form of a table as stated below: 
 
Technology 1 Technology 2 Technology 3 
f(criterion technology1) f(criterion technology2) f(criterion technology3) 
Table 20: General rating result the technologies within one criterion 
 
Example of the Rating Approach 
In order to clarify the approach of the comparable rating, a fictitious example is 
processed and explained 
The exemplary category is the amounts of picks per hour. 
The technologies achieved the following mean performances: 
Technology 1:  75 picks/h 
Technology 2:  105 picks/h 
Technology 3:  92 picks/h 
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The minimum and maximum results from all the conducted experiments were zero 
and 105 picks per hour. So the worst result was set to 0 picks/h and the best result was 
set to 105 picks/h. 
 
This leads to the following calculations for all three technologies in Equation 3: 
 
                                
   
     
    
     
  
    
     
    
     
  
     
  
     
 
   
     
 
       
                                
    
     
    
     
  
    
     
    
     
  
     
   
     
 
   
     
 
       
                                
   
     
    
     
  
    
     
    
     
  
     
  
     
 
   
     
 
       
Equation 3: Calculation of the exemplary rating results 
Table 21 is then showing the final results: 
 
Technology 1 Technology 2 Technology 3 
3,57 5 4,38 
Table 21: Table of the exemplary results within one criterion 
This procedure was conducted for every category in the following discussion of the 
results and ratings. 
The compared values were stated as well as the worst and best results for the 
definition of the individual rating scale. 
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7.2.2 Observations 
During each experiment, observations were noted down. This included the 
participants as well as the picking systems. 
 
Four main observations could be made during several of the experiments. 
Firstly, speaking more slowly led to a better recognition of the speech by both 
acoustic systems, pick by voice and the HMD. In some cases, this led to a slower 
speech, in some case to repetitive input of the commands with a firmer voice. 
The pick by voice system was very accurate concerning the voice recognition, thus 
increasing the delay effect during the confirmation process more than compared to the 
HMD speech recognition. 
The barcode scanner worked better from a greater distance which meant the red line 
visualised through the scanner was had a far greater breadth than the actual barcode. 
As this was contra-intuitive, most participants started the picking rounds with the 
scanner very close to the barcodes. With longer duration of working with the 
technology, the candidates often transferred to a longer scanning range and the scans 
became recognised faster, thus making the whole picking process faster with the 
advancing experiment. 
Over all three picking rounds, the picking seemed to become faster in concern of the 
better orientation and the standardised process of getting a new order, confirming the 
article, walking back and starting a new order. 
 
The individual observations for each participant were as follows. They are described 
in the chronological order of conduct. 
 
Nr. 1 
He worked quite diligently to perform the picking in a short time. 
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Nr. 2 
The voice recognition was problematic for him with both, the voice system and the 
HMD. Especially the number eight, pronounced “acht” in German, let to additional 
repetitions of the command. The acoustic signal for confirmation of the HMD went 
missing after some picks without any further effects. The participant was walking very 
relaxed. 
 
Nr. 3 
The participant was left handed. The voice recognition was problematic for the 
number eight in both, acoustic systems. The acoustic feedback signal of the HMD went 
missing after 18 picks. 
The participant noted that he liked the way of communicating with the scanner. 
 
Nr. 4 
The candidate had problems with the voice recognition of the HMD, so after 15 
picks, she stops in order to speak the commands slowly and properly. The number 
eight did not cause any problems like during the earlier experiments. However, 
monosyllabic digits required a more accurate input for the voice systems. 
The confirmation process of the scanner passively prevented one wrong pick. The 
participant noted the weight of the scanner in her hand as heavy. 
She mentioned the speed of the acoustic commands from the pick by voice system 
as to slow for the personal rhythm of working. 
She worked very committed with all three technologies. 
 
Nr. 5 
This candidate was already familiar with the laboratory environment. The recognition 
of the number eight was problematic for him with both voice based systems. 
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Nr. 6 
The HMD systems stopped its acoustic confirmation signal after eight picks. 
Some of the barcodes were difficult to be recognised by the barcode and caused 
some delay. 
 
Nr. 7 
The participant already had experience in voice based picking. 
One time during the use of the HMD, non relevant speech of the candidate was 
confirmed as correct check digit and left him without further guidance. A runtime error 
of the software caused a short break without further consequences. 
The duration of the scanning process with delay because of the barcode readability 
in some cases, led to the use of the keyboard instead of the scanning functionality for 
some picks. 
The concentration of the participant was decreasing over the course of the 
experiment. 
 
Nr. 8 
The candidate worked very committed. His concentration was decreasing over the 
duration of the three picking rounds. 
Voice recognition for fast inputs was problematic, as well as the number ten, “zehn” 
in German. 
 
Nr. 9 
She started working very concentrated and thorough. 
The speed in working with the scanner seemed to increase after around ten picks. 
Maybe it depended on gaining confidence with the technology. 
Problems with the check digit recognition of the voice system led to delays. 
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A runtime error of the HMD paused the experiment once. 
 
Nr. 10 
The participant worked slowly and concentrated. 
During introduction to the technology and before the measurement, the HMD 
wrongly recognised speech as check digit. 
The acoustic sound of confirmation of the HMD went missing after 13 picks. 
 
Nr. 11 
There were no noticeable events or observations. 
 
Nr. 12 
The candidate took himself some extra time for orientation (around three minutes) 
before the start of the measurement. 
When speaking the commands very fast, the HMD got problems to recognise the 
input. Furthermore the check digits “zehn” and “acht” were problematic. The participant 
changed his voice and tone in order to adapt to the recognition of the system. 
During the scanning round, he tried to move faster to make up time. 
 
Nr. 13 
The participant walked very committed and concentrated. He seemed to have a 
hangover. 
The acoustic confirmation signal of the HMD ceased after 30 picks. 
 
Nr. 14 
She was a bit shy. 
The confirmation signal of the HMD stopped after 13 picks. 
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After a while the candidate walked back reversely to the collecting box with her view 
to the storage area. 
 
Nr. 15 
He worked thorough and concentrated throughout the whole experiment. 
 
Nr. 16 
The HMD had a runtime error after eight picks. The experiment continued after fixing 
this. 
Recognition problems of the voice system led again to repetitive input from the 
participant. 
 
Nr. 17 
She worked despite being ill. 
A system command paused the HMD process. The dialect of the candidate caused 
some problems for the recognition. 
The voice system had no problems with the dialect. 
 
Nr. 18 
The participant worked very diligently. 
The confirmation signal of the HMD stopped after 31 picks. 
He felt obliged to speak very clearly for the recognition algorithm of the voice system. 
 
Nr. 19 
The acoustic sound of confirmation of the HMD went missing after 14 picks. 
The candidate had problems with the adjustment of the HMD display when picking. 
The issue was corrected after 13 picks. 
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He made a short pause at the starting position for every order. 
 
Nr. 20 
She was working very relaxed. 
The confirmation signal of the HMD stopped after 21 picks. 
 
This concluded the observations made during the 20 experiments. 
7.2.3 Evaluation of the Stress Level 
The stress level was ranked on the 11th place during the interview analysis with a 
weight of 5,05%. 
The NASA TLX test provided 20 index values for each technology. In order to 
discuss the performance of the three picking systems, the following null hypotheses 
had to be tested first: 
 
H0,1: The TLX values for pick by scan are normally distributed 
H0,2: The TLX values for pick by voice are normally distributed 
H0,3: The TLX values for pick by HMD are normally distributed 
H0,4: The TLX values are equal for all tested technologies 
 
The tests of the sample data against the normal distribution produced the results in 
Table 22. 
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Hypothesis Test Summary 
 
Null Hypothesis Test Sig. Decision 
1 
The distribution of TLX_Scan is 
normal with mean 45,13 and 
standard deviation 20,10. 
One-Sample 
Kolmogorov-
Smirnov Test 
,887 
Retain the null 
hypothesis. 
2 
The distribution of TLX_Voice 
is normal with mean 41,96 and 
standard deviation 20,42. 
One-Sample 
Kolmogorov-
Smirnov Test 
,661 
Retain the null 
hypothesis. 
3 
The distribution of TLX_HMD is 
normal with mean 35,73 and 
standard deviation 16,82. 
One-Sample 
Kolmogorov-
Smirnov Test 
,933 
Retain the null 
hypothesis. 
Asymptotic significances are displayed. The significance level is ,05. 
Table 22: Nonparametric tests of the TLX values28 
The null hypotheses H0,1, H0,2 and H0,3 could therefore be retained. The visual 
validation with the help of the box and whisker plot gave no reason to question these 
results29. 
With the positive tests, the distributions of the TLX indices could then be described 
and visualised with their mean values and the breadth of the value distribution. This 
can be seen in Figure 73. 
                                                
 
28 The detailed one sample Kolmogorov-Smirnov tests can be found in appendix 11.6.1. 
29 The box and whisker plot can be found in appendix 11.6.1. 
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Figure 73: Descriptive visualisation of the TLX values per technology. The height of 
the bar represents the mean value of each sample and the whiskers cover all the 
values from minimum to maximum. 
A difference of the distributions can be seen. The statistical significant difference had 
to be tested by using the single factor ANOVA 
The results are presented in the table below: 
TLX Value 
      Anova: Single Factor 
      SUMMARY 
      Groups Count Sum Average Variance 
  Scan 20 902,5600 45,1280 403,9500 
  Voice 20 839,2100 41,9605 417,1104 
  HMD 20 714,5500 35,7275 282,9570 
  
       ANOVA 
      
Source of Variation SS df MS F 
P-
value F crit 
Between Groups 915,0183 2 457,5092 1,2432 0,2962 3,1588 
Within Groups 20976,3308 57 368,0058 
   Total 21891,3491 59         
Table 23: ANOVA single factor for the TLX values 
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As the F value of 1,2432 was lower than the critical value Fcrit of 3,1588 the H0,4 had 
to retained. 
Therefore the three samples could not be rated, comparing their mean sample value. 
The rating in this criterion was also equal for all technologies. As no extreme values or 
resulted for the calculation of the rating result were applicable, the three ratings were 
set to the mean value of the scale at 2,50. 
 
Table 24 is showing the summarised results for the three technologies in this 
criterion.  
 
Scan Voice HMD 
2,50 2,50 2,50 
Table 24: Table of the rating results for the stress level criterion 
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7.2.4 Evaluation of the Feedback Questionnaire 
Besides the general data the feedback questionnaire consisted of four segments 
which each represented one criterion for evaluation. 
Those four segments were: 
 direct feedback 
 motivation / job enrichment 
 ergonomics 
 ease of use 
 
In total, they accounted for 31,19% of the weighted evaluation of the technologies. 
The order of the segments in the discussion followed their weight from least to most. 
 
The form of the data and the method of collection were the same for all four parts. 
For the analysis this meant the testing for the form of distribution of the samples and 
significance within a segment and led to the following null hypotheses: 
 
H0,5: The feedback ratings for pick by scan are normally distributed 
H0,6: The feedback ratings for pick by voice are normally distributed 
H0,7: The feedback ratings for pick by HMD are normally distributed 
H0,8: The feedback ratings are equal for all tested technologies 
H0,9: The motivation ratings for pick by scan are normally distributed 
H0,10: The motivation ratings for pick by voice are normally distributed 
H0,11: The motivation ratings for pick by HMD are normally distributed 
H0,12: The motivation ratings are equal for all tested technologies 
H0,13: The ergonomics ratings for pick by scan are normally distributed 
H0,14: The ergonomics ratings for pick by voice are normally distributed 
H0,15: The ergonomics ratings for pick by HMD are normally distributed 
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H0,16: The ergonomics ratings are equal for all tested technologies 
H0,17: The ease of use ratings for pick by scan are normally distributed 
H0,18: The ease of use ratings for pick by voice are normally distributed 
H0,19: The ease of use ratings for pick by HMD are normally distributed 
H0,20: The ease of use ratings are equal for all tested technologies 
 
The input data of the rating could range from one to five for every aspect of the 
questionnaire. This means the data were handled as quantifiable with discrete 
intervals. The amount of questions per criterion reaches from five for ease of use and 
ergonomics, over four for the direct feedback, to three for the motivation. This means 
that the total points per criterion over all participants ranged according to the following 
table: 
 
Direct Feedback 
 Question Scan Voice HMD 
 5.1 18 14 19 
 5.2 15 15 24 
 5.3 16 14 19 
 5.4 16 12 21 Maximum: 
 
236 224 300 400 
     
 
Motivation 
 Question Scan Voice HMD 
 4.1 17 17 21 
 4.2 16 12 18 
 4.3 15 13 23 Maximum: 
 
172 172 221 300 
     
 
Ergonomics 
 Question Scan Voice HMD 
 3.1 16 18 20 
 3.2 14 24 17 
 3.3 13 21 16 
 3.4 17 18 17 
 3.5 18 17 21 Maximum: 
 
283 362 317 500 
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Ease of Use 
 Question Scan Voice HMD 
 2.1 18 17 21 
 2.2 19 19 22 
 2.3 19 20 19 
 2.4 21 18 17 
 2.5 20 18 21 Maximum: 
 
360 372 412 500 
Table 25: Point results of the ratings of the feedback questionnaire criteria. 
The distribution of these data could then be tested with the Kolmogorov-Smirnov 
test, in order to determine the distribution and test it against the hypothesized normal 
distribution. 
The tests of the sample data produced the results in Table 26. 
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Hypothesis Test Summary 
 
Null Hypothesis Test Sig. Decision 
1 
The distribution of Feedback_Scan 
is normal with mean 11,80 and 
standard deviation 3,81. 
One-Sample 
Kolmogorov-
Smirnov Test 
,582 
Retain the null 
hypothesis. 
2 
The distribution of Feedback_Voice 
is normal with mean 11,20 and 
standard deviation 4,15. 
One-Sample 
Kolmogorov-
Smirnov Test 
,935 
Retain the null 
hypothesis. 
3 
The distribution of Feedback_HMD 
is normal with mean 15,00 and 
standard deviation 3,60. 
One-Sample 
Kolmogorov-
Smirnov Test 
,400 
Retain the null 
hypothesis. 
4 
The distribution of Motivation_Scan 
is normal with mean 8,60 and 
standard deviation 2,89. 
One-Sample 
Kolmogorov-
Smirnov Test 
,854 
Retain the null 
hypothesis. 
5 
The distribution of Motivation_Voice 
is normal with mean 8,60 and 
standard deviation 2,11. 
One-Sample 
Kolmogorov-
Smirnov Test 
,786 
Retain the null 
hypothesis. 
6 
The distribution of Motivation_HMD 
is normal with mean 11,05 and 
standard deviation 2,52. 
One-Sample 
Kolmogorov-
Smirnov Test 
,421 
Retain the null 
hypothesis. 
7 
The distribution of 
Ergonomics_Scan is normal with 
mean 14,15 and standard deviation 
4,32. 
One-Sample 
Kolmogorov-
Smirnov Test 
,927 
Retain the null 
hypothesis. 
8 
The distribution of 
Ergonomics_Voice is normal with 
mean 18,10 and standard deviation 
3,06. 
One-Sample 
Kolmogorov-
Smirnov Test 
,229 
Retain the null 
hypothesis. 
9 
The distribution of 
Ergonomics_HMD is normal with 
mean 15,85 and standard deviation 
4,48. 
One-Sample 
Kolmogorov-
Smirnov Test 
,345 
Retain the null 
hypothesis. 
10 
The distribution of EaseofUse_Scan 
is normal with mean 18,00 and 
standard deviation 3,63. 
One-Sample 
Kolmogorov-
Smirnov Test 
,427 
Retain the null 
hypothesis. 
11 
The distribution of 
EaseofUse_Voice is normal with 
mean 18,60 and standard deviation 
3,80. 
One-Sample 
Kolmogorov-
Smirnov Test 
,853 
Retain the null 
hypothesis. 
12 
The distribution of EaseofUse_HMD 
is normal with mean 20,60 and 
standard deviation 2,48. 
One-Sample 
Kolmogorov-
Smirnov Test 
,790 
Retain the null 
hypothesis. 
Asymptotic significances are displayed. The significance level is ,05. 
Table 26: Nonparametric test of the directly rated questions of the feedback 
questionnaire30 
                                                
 
30 The detailed one sample Kolmogorov-Smirnov tests can be found in appendix 11.6.2. 
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In addition to the testing, the visual validation with the help of the box and whisker 
plots confirmed these results31. 
This meant to retain the null hypotheses H0,5, H0,6, H0,7, H0,9, H0,10, H0,11, H0,13, H0,14, 
H0,15, H0,17, H0,18 and H0,19. 
For the evaluation this meant that all ratings for every criterion of the feedback 
questionnaire could be considered as normally distributed. 
This provides the first step for the comparison of the mean values of the ratings for 
each technology within one criterion of the direct rating. The significant differences of 
the underlying samples are then tested in the next step. This relates to the null 
hypotheses H0,8, H0,12, H0,16 and H0,20 The significance of the variance is then discussed 
in the following sub-chapters for each segment of the questionnaire separately for a 
better overview. 
7.2.4.1 Direct Feedback 
The direct feedback from users of the technology is on rank 8 with a weighting of 
6,58%. 
Once the normal distribution of the underlying data within the samples was verified, 
the samples were tested for significance via a single factor ANOVA. The results can be 
seen in Table 27: 
 
Feedback Ratings 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  Scan 20 236 11,800 14,484 
  Voice 20 224 11,200 17,221 
  HMD 20 300 15,000 12,947 
  
                                                
 
31 The box and whisker plots can be found in appendix 11.6.2. 
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       ANOVA 
      
Source of Variation SS df MS F 
P-
value F crit 
Between Groups 166,933 2 83,467 5,608 0,006 3,159 
Within Groups 848,400 57 14,884 
   
       Total 1015,333 59         
Table 27: ANOVA single factor for the direct feedback ratings 
The F value of 5,608 was higher than the critical value Fcrit of 3,159 the H0,8 therefore 
had to be rejected. 
The samples and data of the resulting distribution could be regarded as different. 
This enabled a comparison between the three samples. 
As the underlying rating of the feedback questionnaire was on the same scale as the 
rating for the evaluation in this criterion, the mean rating for each technology in this 
segment of the questionnaire provided the resulting rating. 
The summarised ratings for the technologies can be seen in the table below: 
 
Scan Voice HMD 
2,95 2,80 3,75 
Table 28: Table of the rating results for the feedback criterion 
On average the HMD technology was rated clearly before scan and voice. The last 
two remain around the middle field of the rating range. This states that the participants 
mostly preferred the MR technology over the others and also recommend it. 
7.2.4.2 Job Enrichment / Motivation 
The aspect of job enrichment had a weight of 6,89% on rank 7. 
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The second step of the sample analysis considered the testing for significance. The 
results are described in Table 29: 
 
Motivation Ratings 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  Scan 20 172 8,6 8,357895 
  Voice 20 172 8,6 4,463158 
  HMD 20 221 11,05 6,365789 
  
       
       ANOVA 
      Source of Variation SS df MS F P-value F crit 
Between Groups 80,0333 2 40,01667 6,256892 0,00349 3,159 
Within Groups 364,55 57 6,395614 
   
       Total 444,583 59         
Table 29: ANOVA single factor for the motivation ratings 
The value of 5,257 for F was higher than the critical F value of 3,159. H0,12 therefore 
had to be rejected and the different performance of the technologies within the criterion 
could be compared. 
The rating of the participants was again on the same scale of values from 1 to 5 and 
was applied to the final rating within this category. On these grounds the final rating 
was the mean rating over all questions and participants per technology. 
The result can be seen in Table 30: 
 
Scan Voice HMD 
2,87 2,87 3,68 
Table 30: Table of the rating results for the job enrichment criterion 
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Again, the MR based picking was mainly rated as more motivational to work with by 
the participants. Also the other two technologies were evaluated in the middle of the 
range of possible points. 
7.2.4.3 Ergonomic Factors 
With a weight of 7,72% the ergonomic factors were considered to be 6th on the 
ranked list from the interviews. 
The testing for significance provided the following results below: 
 
Ergonomics Ratings 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  Scan 20 283 14,15 18,66053 
  Voice 20 362 18,1 9,357895 
  HMD 20 317 15,85 20,02895 
  
       
       ANOVA 
      Source of Variation SS df MS F P-value F crit 
Between Groups 157,033 2 78,51667 4,902454 0,01085 3,159 
Within Groups 912,9 57 16,01579 
   
       Total 1069,93 59         
Table 31: ANOVA single factor for the ergonomics ratings 
 
Also for this criterion, the calculated F value with 4,902 was higher than Fcrit. H0,16 had 
then to be rejected and the mean results of the ratings had to be compared. 
The mean rating over all the questions in this segment and all participants delivered 
the final evaluation for this criterion, shown in Table 32. 
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Scan Voice HMD 
2,83 3,62 3,17 
Table 32: Table of the rating results for the ergonomic criterion 
The results in this criterion state pick by voice as the best technology. It is followed 
by the HMD and then the scanner. The mean ratings of all three technologies stretch 
from middle to good in a row. In contrast to the two foregoing criteria of the feedback, 
the participants rated not one technology as the only option, leaving the other two 
behind. 
7.2.4.4 Ease of Use 
The criterion ease of use was ranked on the second place with a weight of 10,0%. 
After the testing for normal distribution was already discussed, the significance could 
be stated as follows in Table 33: 
 
Ease of Use Ratings 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  Scan 20 360 18 13,15789 
  Voice 20 372 18,6 14,46316 
  HMD 20 412 20,6 6,147368 
  
       
       ANOVA 
      Source of Variation SS df MS F P-value F crit 
Between Groups 74,1333 2 37,06667 3,293017 0,04432 3,159 
Within Groups 641,6 57 11,25614 
   
       Total 715,733 59         
Table 33: ANOVA single factor for the ease of use ratings 
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The F value with 3,293 was higher than the critical F value of 3,159. H0,20 had to be 
rejected therefore. Nevertheless, the results were very close. 
The samples and data of the resulting distribution could be regarded as different. 
This enabled a comparison between the three samples. 
As the underlying rating of the feedback questionnaire was on the same scale as the 
rating for the evaluation in this criterion, the mean rating for each technology in this 
segment of the questionnaire provided the resulting rating. 
The summarised ratings for the technologies can be seen in the table below: 
 
Scan Voice HMD 
3,60 3,72 4,12 
Table 34: Table of the rating results for the ease of use criterion 
All of the three technologies were considered good to very good from the 
participants. The ratings were significantly different as tested but not too far from each 
other. This leaves the HMD based picking as the most easy to use, followed by the 
voice system and then the scanner, which was still rated good. 
7.2.4.5 Discussion of the Evaluation of the Criteria Implemented in the Feedback 
Questionnaire 
The four criteria implemented in the feedback questionnaire could be tested and 
evaluated successfully. The F values of the single factor ANOVA calculations were 
more or less higher than the critical value Fcrit. . 
This issue of the more or less clear significance was not absolute, but addressed 
directly by the method of the final rating itself. 
As the final rating in each category was directly related to the sample values and 
their mean, proximity in significance is also represented in the evaluation. 
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The three tested technologies performed differently in the four criteria. None was 
prevalent in all of the criteria. The statistical testing retained the normal distribution of 
all samples and rejected the equality of the underlying technology ratings within one 
criterion. This provides the statistical basis for the later evaluation. Yet and in order to 
regard the sometimes very close F value to the critical F value, the evaluation 
considers this conciseness. 
This is also the reason a final evaluation of the total feedback questionnaire is 
addressed in chapter 7.3 Conclusion from the Experimenting Stage of the Research. 
7.2.5 Evaluation of the Criteria Implemented in the Laboratory Setting 
The laboratory setting itself evaluated the four following criteria: 
 reliability 
 rugged technology 
 connectivity 
 tested, approved 
The total weight of these four criteria accounted for 17,45%. 
These criteria and the results for the three tested technologies were presented and 
discussed in the following sub-chapters. 
7.2.5.1 Reliability 
The criterion “reliable, failsafe” accounted for 1,39% of the overall rating and was 
placed on the 15th and therefore last rank. 
None of the devices showed any signs of declination in the performance during the 
test. 
The only occurrence of any reliability issues was with the HMD. In ten out of 20 
cases, a bug appeared which stopped the acoustic sound for the confirmation of a 
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recognised command input. As the software from then on always attempted to restart 
to acoustic signal a short delay of around one second occurred. 
The probability of this bug was tested with the following null hypothesis: 
 
H0,21: The server response bug for the HMD system occurs with a probability of 50 
percent. 
 
The one sample binomial test in SPSS produced the results as in Table 35: 
 
Hypothesis Test Summary 
 
Null Hypothesis Test Sig. Decision 
1 
The categories defined by 
Bug_HMD = 0,00 and 1,00 occur 
with probabilities 0,5 and 0,5. 
One-Sample 
Binomial Test 
1
1
 
Retain the null 
hypothesis. 
Asymptotic significances are displayed. The significance level is ,05. 
1
Exact significance is displayed for this test. 
Table 35: Non-parametric test of the probability of the server response error for the 
HMD system32 
H0,1 could therefore be retained. The occurring bug was not an issue in the sense of 
the reliability of the system. The effect was a short delay during the picking process 
which was measured for the variable of the time per pick. Furthermore if this had led to 
any inconvenience for the users, they could evaluate this within the feedback 
questionnaire. 
 
In conclusion it was to state that all the three tested technologies worked reliable 
throughout all of the 20 experiments on an equal level. 
                                                
 
32 The detailed test results can be found in appendix 11.6.3. 
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Therefore the rating in this criterion was also equal for all technologies. As no 
extreme values or results for the calculation of the rating result were applicable, the 
three ratings were set to the mean value of the scale at 2,50. Table 36 below is 
showing the evaluation: 
Scan Voice HMD 
2,50 2,50 2,50 
Table 36: Table of the rating results for the criterion reliability 
7.2.5.2 Rugged Technology 
The aspect of the “rugged technology” accounted for 1,52% and was analysed to be 
on the 14th rank of the criteria. 
All three devices were used by the 20 participants over a total of 3,000 measured 
picks. This included the handling of the devices with more or less care. None of the 
technologies showed any sign of being influenced by neither the users nor the 
environment. 
In conclusion it was to state that all the three tested systems endured the usage 
throughout all of the 20 experiments on an equal level. 
Therefore the rating in this criterion was also equal for all technologies. As no 
extreme values or results for the calculation of the rating result were applicable, the 
three ratings were set to the mean value of the scale at 2,50.Table 37 below is showing 
the evaluation: 
Scan Voice HMD 
2,50 2,50 2,50 
Table 37: Table of the rating results for the criterion rugged technology 
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7.2.5.3 Connectivity 
With 5,73% of the interview analysis, the criterion of “connectivity” was placed on 
rank 9. 
During the experiments, the technologies had to communicate with the WMS several 
times during the order processing. This included the output information, like article or 
shelf number, and the input information, like next process step or check digit. The input 
information was transmitted to update the order database of the WMS. 
The technology for the transmissions was wireless LAN installed in the laboratory 
environment. 
All three technologies communicated in both directions without any break throughout 
the experiments. No information or data was lost. 
Therefore the rating in this criterion was also equal for all technologies. As no 
extreme values or results for the calculation of the rating result were applicable, the 
three ratings were set to the mean value of the scale at 2,50.Table 38 below is showing 
the evaluation: 
 
Scan Voice HMD 
2,50 2,50 2,50 
Table 38: Table of the rating results for the criterion connectivity 
7.2.5.4 Tested, Approved 
The interviewees considered a tested and approved technology for order picking on 
the 4th rank with a weight of 8,81%. 
The technologies pick by scan and pick by voice were already tested and approved 
during the development phase and have proved to be applicable with several industrial 
applications. They can therefore be considered to fulfil the requirements of this 
criterion. 
Laboratory Experiments 
 
 
 
 
 
- 271 - 
The HMD showed some signs of undesired behaviour. These were the runtime 
errors that led to a short break and the sound bug as described in the observations 
(chapter 7.2.2) and the evaluation of the reliability (chapter 7.2.5.1). 
The performance in the measurement of the criteria was processed without denying 
these signs or removing them from the measurement. Therefore they are fully 
evaluated in the corresponding criteria like for example the time per pick or learning 
effect. This showed that even with these incidents, the HMD technology was capable of 
fulfilling the desired tests and outcomes. 
The rating in this criterion was therefore considered to be equal for all technologies. 
As no extreme values or results for the calculation of the rating result were applicable, 
the three ratings were set to the mean value of the scale at 2,50.Table 39 below is 
showing the evaluation: 
 
Scan Voice HMD 
2,50 2,50 2,50 
Table 39: Table of the rating results for the criterion tested, approved 
7.2.5.5 Conclusion for the Criteria Involved in the Laboratory Setting 
All three technologies successfully completed the experiments within the laboratory 
setup. 
Given the amount of 3.000 measured picks, 20 participants and a total 
experimenting time of around 40 hours, the technologies were tested quite thoroughly. 
Compared to other research projects in this area, the breadth and depth of the testing 
was far greater33. It therefore could be stated that the evaluation of the criteria related 
to the laboratory setup could elevated to on a reliable status. With a total weight of 
                                                
 
33 The duration and number of experiments in comparison to other, relevant research projects is 
discussed in chapter 7.1.3.8 . 
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17,45%, the criteria reliability, ruggedness, connectivity and successful testing were 
validly evaluated for the research objective. 
7.2.6 Evaluation of the Quality 
The evaluation of the quality of the picking process took place via the measurement 
of any articles picked wrongly. 
The aspect of fault prevention itself was ranked on the fifth place with a weight of 
8,70% during the interview analysis. Additionally also the criterion of cost reduction, on 
the first place, was applied partly with half of its original weight of 16,51%, giving this 
part of the evaluation a total of 16,60%. 
The null hypothesis for testing was stated as: 
 
H0,22: The error rate is equal for all tested technologies. 
 
During the 3.000 measured picks, a total of nine errors occurred. The scanning 
technology did not cause any error, the voice technology caused one error and the 
HMD technology could not prevent eight wrongly picked articles. 
The relation of the measured errors to the total picks per technology is displayed in 
Figure 74 below: 
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Figure 74: Measured errors per pick per technology 
The visual comparison revealed, that the occurrence for errors when using the HMD 
is very high compared to the other technologies. The one error for the voice system, 
respectively zero errors for the scanning system may not be considered significant 
when relating the result to the sample size of 1.000. 
Before testing the probability distribution of errors for the technology, a closer 
evaluation of the occurrence of HMD errors made. This was done in order to check the 
occurrence of multiple errors per participant. 
The data was visualised in the following figure, showing the ID of the participant and 
the number of errors made: 
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Figure 75: Distribution of the picking errors for the HMD 
As could be seen, only one participant made two errors, when working with the HMD 
and no concentration to or relation to individual participants could be deducted. 
The probability of errors was usually compared to a Poisson distribution (Günthner, 
et al., 2009). This testing was than conducted using a one sample Kolmogorov-
Smirnov. The results are shown in Table 37. 
 
Hypothesis Test Summary 
 
Null Hypothesis Test Sig. Decision 
1 
The distribution of 
Errors_Voice is Poisson with 
mean 0,05. 
One-Sample 
Kolmogorov-Smirnov 
Test 
1,000 
Retain the null 
hypothesis. 
2 
The distribution of 
Errors_HMD is Poisson with 
mean 0,40. 
One-Sample 
Kolmogorov-Smirnov 
Test 
1,000 
Retain the null 
hypothesis. 
Asymptotic significances are displayed. The significance level is ,05. 
Table 40: Nonparametric tests of the error occurence34 
                                                
 
34 The detailed Poisson distribution can be found 11.6.3. 
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The testing for the distribution of scanning errors was excluded because of the lack 
of any errors occurring. 
Without a possible evaluation of the distribution of the errors for the scanner 
technology, only the distribution of Voice and HMD errors was tested for significance. 
With two samples a Wilcoxon matched pair signed rank test was used and the results 
are shown below in Table 41 and Figure 76. 
 
Hypothesis Test Summary 
 
Null Hypothesis Test Sig. Decision 
1 
The median of differences 
between Errors_Voice and 
Errors_HMD equals 0. 
Related-Samples 
Wilcoxon Signed 
Rank Test 
,035 
Reject the null 
hypothesis. 
Asymptotic significances are displayed. The significance level is ,05. 
Table 41: Wilcoxon signed rank test of the error rates of the voice and the HMD 
system 
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Figure 76: Visualisation of the Wilcoxon test for the error rates of pick by voice and 
pick by HMD 
The test result led to the rejection of H0,22. The error occurrence for participants using 
the HMD was seven times more than when using the voice based system. Twelve 
participants were not influenced by either technology. 
 
Referring to the literature reviewed for the research, a statement was that the error 
rate in laboratory experiments tends to be higher compared to in field tests (Lolling, 
2003). With this in mind, the absolute results were not transferable directly but had to 
mark a relative ranking between the technologies themselves. 
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Lolling compared for his statement the usual error rates in industrial environments to 
the ones measured in laboratory experiments. He deducted a mean industrial error rate 
of 0,21% and a mean laboratory error rate of 2,9%. The different performances were 
concluded to depend on the picking rate, with a high picking rate stabilising the process 
and therefore minimising the occurrence of errors (Lolling, 2003). 
In this perspective, even the relatively high error rate of 0,8% of the HMD system 
could be seen as not so high in an absolute relevance. With this addition, the input 
values for the calculation of the rating were the following: 
The percentage of errors for the three technologies were 0% for the scanning 
system, 0,1% for the voice based system and 0,8% for the HMD system. The best 
achieved value was 0% and the for the worst achievable result, the literature based 
2,9% were used. 
This led to the following calculations: 
 
                    
         
          
         
 
                      
 
                    
Equation 4: Calculation of the quality rating 
Table 42 is showing the summarised results for the rating within this criterion: 
Scan Voice HMD 
5,00 4,83 3,62 
Table 42: Table of the rating results for the quality criterion 
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7.2.7 Evaluation of the Performance 
The performance measurement took place via the measurement of the single times 
per pick and additionally enabled also the calculation of the total time for all fifty picks 
per participant and per technology. 
This enabled the analysis of the three aspects: 
 flexibility 
 short learning period 
 performance enhancement (including the partial evaluation of the cost reduction 
criterion) 
They accounted for a total weight of 24,86%. 
7.2.7.1 Flexibility 
The aspect of flexible use of the technology with different users had a weight of 
2,41% and was on rank 13 of the interview analysis. 
 
The following null hypotheses were stated for further analysis: 
 
H0,23: The total picking times for pick by scan are normally distributed 
H0,24: The total picking times for pick by voice are normally distributed 
H0,25: The total picking times for pick by HMD are normally distributed 
H0,26: The total picking times are equal for all tested technologies 
 
The testing for normal distribution of the results with the Kolmogorov-Smirnov test 
led to the following results in Table 43. 
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Hypothesis Test Summary 
 
Null Hypothesis Test Sig. Decision 
1 
The distribution of TotalTime_Scan 
is normal with mean 25,57 and 
standard deviation 2,94. 
One-Sample 
Kolmogorov-
Smirnov Test 
,932 
Retain the null 
hypothesis. 
2 
The distribution of 
TotalTime_Voice is normal with 
mean 23,18 and standard deviation 
2,00. 
One-Sample 
Kolmogorov-
Smirnov Test 
,729 
Retain the null 
hypothesis. 
3 
The distribution of TotalTime_HMD 
is normal with mean 17,39 and 
standard deviation 2,56. 
One-Sample 
Kolmogorov-
Smirnov Test 
,231 
Retain the null 
hypothesis. 
Asymptotic significances are displayed. The significance level is ,05. 
Table 43: Nonparametric test of the total picking times35 
The visual verification via the box and whisker plot did not lead to any contradiction 
to the testing results. Therefore H0,23, H0,24 and H0,25 could be retained. 
The significant difference of the underlying data was then tested with the single 
factor ANOVA to provide the basis for further discussion. The results are presented in 
Table 44. 
 
 
Total Picking Time 
     Anova: Single 
Factor 
     
      SUMMARY 
     Groups Count Sum Average Variance 
 Scan 20 511,341 25,567 8,626 
 Voice 20 463,560 23,178 4,014 
 HMD 20 347,831 17,392 6,547 
 
      
 
     
                                                
 
35 The detailed one sample Kolmogorov-Smirnov tests and the box and whisker visualisation of the 
measurement results can be found in appendix 11.6.5. 
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ANOVA 
     Source of Variation SS df MS F P-value 
Between Groups 706,865 2 353,432 55,261 0,000 
Within Groups 364,554 57 6,396 
  
      
Total 
1071,41
9 59       
Table 44: ANOVA single factor for the total picking times 
As the F value of 55,261 was far higher than the critical value of 3,159 H0,23 had to 
be rejected and the results of the total picking times per technology could be regarded 
as significantly different. 
During the experiments, general observations were made about the personal 
preferences of the participants for the technology. The question arising from this 
observation was, whether the personal attitude towards a specific technology 
influences also the performance with this system. The testing revealed that the 
performances of the three technologies were different yet an additional validation had 
to take care of evaluation the different performances depending on the individual 
participant of the experiment. 
The following Figure 77 shows the distribution of the total picking time per 
technology in relation to the participants. 
Laboratory Experiments 
 
 
 
 
 
- 281 - 
 
Figure 77: Line chart of the total picking time per participant 
The progression of the technologies’ performances showed that the ranking was not 
the same for every participant. Therefore after the visual check of the data, it could be 
clearly stated that the performance ranking of the technologies was influenced by the 
user. 
In order to make the influence measurable and comparable, the variance of the 
resulting total picking times per technology was used. This represented the flexibility of 
a technology being used by different workers and providing similar and constant 
results. This provided also a better comparability from the perspective of the industrial 
applicability. 
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The standard deviations of the total picking times were therefore set into relation to 
the mean values, thus providing the relative standard deviation per technology. The 
results are presented in the table below: 
 
 
Scan Voice HMD 
Standard Deviation 2,94 2,00 2,56 
Mean 25,57 23,18 17,39 
Relative Standard Deviation 11,49% 8,64% 14,71% 
Table 45: Relative standard deviation of the total picking time 
The least relative and with it the best flexibility was achieved by the voice based 
picking system. The scanning system and the HMD are following in this order. 
The relative standard deviations were the basis for the evaluation of the ranking of 
the technologies within this criterion. 
For the calculation the used values were 11,49% for scanning, 8,64% for voice 
based picking and 14,71% for the HMD. As best possible value on the scale was the 
hypothetical value of 0% used and as worst value, the worst measured value of 
67,06%. 
The calculations are done in Equation 5: 
 
                        
                
            
        
 
                          
 
                        
Equation 5: Calculation of the flexibility rating 
Summarised, the rating results are presented in Table 46, below: 
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Scan Voice HMD 
4,14 4,36 3,90 
Table 46: Table of the rating results for the flexibility criterion 
The ranking order of the technologies was as discussed above, from voice over scan 
to the HMD. The absolute results, ranging from 3,90 to 4,36, indicated that overall the 
variance of the performances and with it the flexibility of all technologies could be 
considered as good. 
7.2.7.2 Short Learning Period 
A short duration of the worker learning how to use the pick assisting technology 
effectively had a weight of 5,38% and was on rank ten for the interviewees. 
For the evaluation, not only the measured performance during the experiment was 
determining, but also the possible influence of any previous experience in working with 
picking technologies. 
The effect of getting used to the order picking process in general and artificially 
shortening the learning period for the second and third technology used during the 
experiment was countered by the randomised order of using the technologies for each 
participant. This methodology was also applied in similar research projects (Günthner, 
et al., 2009). 
The null hypotheses were therefore defined as follows: 
 
H0,27: The learning effect for pick by scan is normally distributed 
H0,28: The learning effect for pick by voice is normally distributed 
H0,29: The learning effect for pick by HMD is normally distributed 
H0,30: The learning effect is equal for all tested technologies 
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H0,31: The learning effect for pick by scan is dependent on previous picking experience 
H0,32: The learning effect for pick by voice is dependent on previous picking experience 
H0,33: The learning effect for pick by HMD is dependent on previous picking experience 
 
Other research projects tried to measure the learning effect over the increase of 
performance of a technology when using it as second or third technology compared to 
when using it as first technology (Günthner, et al., 2009). However, this may only 
describe the learning effect within the laboratory environment and the picking process 
in general36 and not the learning effect within one technology. 
This led to a different way of evaluating the duration of the learning curve within this 
research project. 
Considering the progression of a learning period, a so called learning curve was 
usually established. The curve followed a hyperbolic saturation of the performance to 
an asymptotic limit. Information acquired during the interviewing stage indicated the 
period of a saturated learning curve and stabilised picking performance with a new 
technology to be around two months. 
The position on and the characteristic of the learning curve could be measured via 
the derivation at any specific point on the curve which was the declination of the curve 
in that point. Figure 78 is showing a visualisation of this discussion. 
                                                
 
36 Examples for that were the orientation within the laboratory or the reoccurring steps during each 
picking process, like getting the new order information, walking to the shelve, confirming, picking and 
walking back. 
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Figure 78: Visualised measurement of the learning curve for a new order picking 
technology 
The declination of the learning curve was therefore dependent on the moment of 
measurement (X in the Figure 78) and the characteristics of the learning curve itself. As 
the moment of measurement was the same for all participants and technologies during 
the experiment, the different declination data derived was only dependent on the 
characteristics of the learning curve for that technology and therefore a descriptive 
specification of it. 
As the picks measured during one picking round were diversified concerning their 
parameters of way length, article characteristics and navigation to the shelve, a 
regression parameter had to be used that was comparable over all picking rounds. This 
parameter was Pearson’s product moment correlation coefficient as described in 
chapter 7.2.1.1.1 . Every 50 measured picks per round were used to calculate 
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Pearson’s r per technology and per participant, thus offering the desired declination of 
the learning curve. A negative value close to zero for Pearson’s r was therefore 
synonymous with a flat learning curve and a short learning period to reach the long 
time performance. 
This value was used for further testing of the null hypotheses. 
The testing for normal distribution delivered the following results: 
 
Hypothesis Test Summary 
 
Null Hypothesis Test Sig. Decision 
1 
The distribution of Pearson_Scan 
is normal with mean -0,33 and 
standard deviation 0,23. 
One-Sample 
Kolmogorov-
Smirnov Test 
,59
5 
Retain the null 
hypothesis. 
2 
The distribution of Pearson_Voice 
is normal with mean -0,28 and 
standard deviation 0,13. 
One-Sample 
Kolmogorov-
Smirnov Test 
,80
7 
Retain the null 
hypothesis. 
3 
The distribution of Pearson_HMD 
is normal with mean -0,08 and 
standard deviation 0,18. 
One-Sample 
Kolmogorov-
Smirnov Test 
,90
0 
Retain the null 
hypothesis. 
Asymptotic significances are displayed. The significance level is ,05. 
Table 47: Nonparametric test of the Pearson values of the picking rounds37 
Therefore the null hypotheses H0,27, H0,28 and H0,29 could be retained. The following 
testing for significance can be seen in Table 48 below: 
 
Pearson Values 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  
-0,520192744 19 
-
6,031 -0,317 0,052 
  
-0,180893757 19 
-
5,478 -0,288 0,016 
  
0,01506241 19 
-
1,659 -0,087 0,034 
  
                                                
 
37 The detailed one sample Kolmogorov-Smirnov tests can be found in appendix 11.6.5. 
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       ANOVA 
      
Source of Variation SS df MS F 
P-
value F crit 
Between Groups 0,597 2 0,298 8,746 0,001 3,168 
Within Groups 1,842 54 0,034 
   
       Total 2,438 56         
Table 48: ANOVA single factor for Pearson values 
The F value of 8,746 was higher than the critical F value and therefore H0,30 had to 
be rejected and the mean results for Pearson’s r of the three technologies could be 
compared. 
Before the final rating calculations the influence of any previous picking experience 
had to be ruled out. This could have been an influencing issue as discussed during the 
literature review for the research methodology (Meier, et al., 2012). The significance 
testing was made with single factor ANOVAs between the samples with experience 
and the samples without experience for each picking technology. There was no 
statistical significant difference38 and the influence of previous experience on the 
results could be ruled out. 
 
For the calculation of the ratings, the following mean values were used for the 
technologies: 
 pick by scan:  - 0,32 
 pick by voice:  - 0,29 
 pick with the HMD: - 0,09 
                                                
 
38 The detailed single factor ANOVA results for scan and the other technologies can be found in 
appendix 11.6.7. 
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As the best achievable result the null value was used and the worst calculated 
Pearson’s r value was - 0,54. This led to the calculations of Equation 6. 
                            
              
          
        
                              
                            
Equation 6: Calculation of the learning period rating 
The final rating result in the category “short learning period” was therefore as follows 
below. 
 
Scan Voice HMD 
2,04 2,31 4,17 
 
Table 49: Table of the rating results for the performance criterion 
There was a clear ranking between the technologies from the HMD over voice to 
scanning. The achieved results, ranging from 2,04 to 4,17 indicated a broad spectrum 
of performance in this criterion. 
7.2.7.3 Performance Enhancement 
With a weight of 9,7% the performance enhancement was ranked on the third place 
by the interviewees. Like as for the error prevention, this aspect of the evaluation of the 
technologies’ abilities, the criterion of cost reduction was partly represented by this 
aspect too. This gave the evaluation an additional 7,8% of weight and a total of 17,5%. 
In addition to the null hypotheses tested in 7.2.7.1, the following hypotheses were 
formulated for the evaluation: 
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H0,34: The total picking time for pick by scan is dependent on previous picking 
experience 
H0,35: The total picking time for pick by voice is dependent on previous picking 
experience 
H0,36: The total picking time for pick by HMD is dependent on previous picking 
experience 
 
The rejection of H0,26
39
 mean total picking time enabled the comparison of the 
different results for the technologies for the total picking time. 
Figure 79 is showing the resulting data. The bar was representing the mean total 
picking time and the whiskers stated the minimum and maximum values. 
 
 
Figure 79: Descriptive visualisation of the total picking time per technology 
                                                
 
39 The total picking times are equal for all tested technologies. 
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The different performance of the technologies could be seen, with HMD being the 
fastest, followed by pick by voice and lastly pick by scan. 
The influence of previous picking experience on the measured data was ruled out via 
three significance tests40. Again, the single factor ANOVA was used. No significant 
difference between each of the sample pairs was found. 
 
For the calculation of the final rating, the following values were applied: 
 pick by scan:  25,57 min 
 pick by voice:  23,18 min 
 pick with the HMD: 17,39 min 
 
The best achieved result was 14,54 min and the worst one took 32,53 min. 
 
The calculations can be seen in the following equation: 
 
                        
                    
                   
      
        
         
       
 
                          
 
                        
Equation 7: Calculation of the performance rating 
This led to the final rating results in Table 50. 
 
                                                
 
40 The detailed test results can be seen in appendix 11.6.8 . 
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Scan Voice HMD 
1,93 2,60 4,21 
Table 50: Table of the rating results for the performance criterion 
The rating showed a broad range of the results from 1,93 up to 4,21 points. Also the 
difference between the technologies stated a clear distinction for the performance 
enhancement. 
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7.3 Conclusion from the Experimenting Stage of the Research 
The foregoing sub chapter evaluated the five aspects of the laboratory experiment, 
error measurement, performance measurement, stress test, the laboratory environment 
and the feedback questionnaire, evaluating 14 of the 15 criteria for the decision making 
process in order picking. 
Each technology could be rated according to significant differences between the 
measured results in one criterion or the equal performance. 
The results of these ratings were summarised in Table 51: 
 
  
Scan 
 
Voice 
 
HMD 
Criterion 
 
Rating    Rating    Rating  
Cost Reduction 
 
3,47   3,72   3,92 
Ease of Use 
 
3,60   3,72   4,12 
Performance Enhancement   1,93   2,60   4,21 
Tested, Approved   2,50   2,50   2,50 
Quality, Fault Prevention   5,00   4,83   3,62 
Ergonomic Factors   2,83   3,62   3,17 
Job Enrichment   2,87   2,87   3,68 
Employee Feedback   2,95   2,80   3,75 
Connectivity   2,50   2,50   2,50 
Short Learning Period   2,04   2,31   4,17 
Stress Level, Ergonomic Strain   2,50   2,50   2,50 
Flexibility   4,14   4,36   3,90 
Rugged Technology for Industrial Application   2,50   2,50   2,50 
Reliable, Failsafe   2,50   2,50   2,50 
Table 51: Summary of the ratings for each criterion 
It could be stated that every technology could be rated successfully for every 
criterion. 
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None of the tested technologies was prevalent in every criterion. In order to a better 
impression of the different strengths and weaknesses of the three order picking 
systems, the data was presented in the following radar chart: 
 
 
Figure 80: Radar chart of the unweighted rating of the criteria – The rating for the 
technologies in each criterion is presented on the scale from 0 (worst possible rating)  
to 5 (best possible rating). 
This figure described the relative strengths and weaknesses of the technologies 
against each other, as well as the absolute rating for the performance in one criterion. 
A subjective interpretation that could be derived from the graph was the well-
roundedness of a technology and its overall advantages and disadvantages. 
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In this representation, all criteria were weighted the same without any influence from 
the interviews. This result of the experimenting stage could therefore be considered as 
autonomous and self-reliant. 
From the perspective of the evaluation of MR based order picking, it could be stated, 
that this technology was offering relative advantages for cost reduction, ease of use, 
performance enhancement, job enrichment, employee feedback and a short learning 
period. Its weaknesses lie at the fault prevention and flexibility. The other criteria were 
rated comparable to the other two technologies. 
For pick by scan and pick by voice, it could be stated that they performed relatively 
equal in the different criteria, except for the ergonomic factors where pick by voice was 
rated significantly better than the scanner. 
The influence of previous experience of the participants with order picking and any 
technology in particular was tested negatively during the data analysis via the single 
factor ANOVA for sensible criteria like performance and learning effect. Together with 
the initial setup of using only unprofessional participants for the experiments, this 
prevents the influence of any form of experienced based bias from the participants’ 
side. The initial pilot experiment also shows that any form of personality based bias is 
weakened by the length of the experiment, leading to more objective performance data. 
This is also discussed in detail in chapter 7.1.3.8. 
This led to the conclusion that MR based picking was definitely contrasting 
qualitatively to the existing picking technologies in the analysed criteria. To what extent 
the differentiation was determining for the decision making process, was evaluated in 
the following research step and was described in chapter 8. Therefore the elaborated 
weight of each criterion, derived from the interviewing stage, was combined with the 
rating to provide a conclusive evaluation of the innovative potential of MR in order 
picking. 
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7.4 Summary of the Experimenting Stage 
In relation to research objective, described in chapter 3, the sub objective of this 
research step was to: 
Evaluate the abilities of Mixed Reality to technologically fulfil the 
determining criteria.  
The methodology chosen to achieve this objective was experiments in a laboratory 
environment. The methodology required an elaborated approach to the setup and 
definition of the relevant parameters, the ones measured and the ones possibly 
influencing the measurement. This ensured the validity and reliability of the results. The 
same care was used for the evaluation of the data for statistical interpretation and 
significance testing. 
The most competitive order picking technologies to the sector focused by MR based 
picking were used during the experiments in order to provide the best basis available 
for the relative and absolute rating of the performance. 
The methodological approach was undertaken successfully. Of the 15 criteria 
provided by the foregoing interviewing stage, 14 could be rated, thus evaluating 
95,07% percent of the decision making criteria for the implementation of new 
technologies in order picking. The sub objective is therefore achieved. 
If there should be any other prototypes or serial versions of MR based picking in the 
future, as well as any new competitive systems, the methodological approach could be 
reprocessed reliably with the documentation provided within this thesis. This ensured 
the possibility of using the approach and methodology for other technologies as well as 
keeping the evaluation up to date for any further research. 
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8 Connecting the Interviewing Stage and the Experiments to 
Evaluate the Innovative Potential of Mixed Reality 
The two research steps of the mixed methods approach, interviewing and 
experimenting, were conducted longitudinally. Even as the experimenting stage was 
based on the results of the interviews, both methodologies with their corresponding 
results could be treated independently, each with its own evaluation of one of the two 
sub objectives of the research. 
The combination of the results and findings of these two steps to address and 
answer the overlying main research objective is described in the following chapter. 
The performance ratings of the three tested technologies from the experiments and 
the weighting of the decision making criteria were combined in a value benefit analysis 
in the first part of the chapter. This provided the overall result for comparing MR based 
picking with the competing order picking technologies in manual picking. 
Secondly, the result was analysed in more detail and the strengths and weaknesses 
of MR were discussed in the relevant criteria to provide the basis for the future potential 
of the development of the technology in order picking. 
The research was then summarised and the conclusion on the innovative potential of 
MR in order picking was drawn. 
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8.1 Consolidation of the Interviewing and the Experimenting Stage 
When combining the weight of the different criteria and the performance results of 
different participants/technologies within them, the analytical hierarchy process could 
be of use41. The present 14 evaluated criteria however were far more than the 
applicable nine criteria as suggested by Saaty (1990). 
Therefore the two sets of results for the two research steps had to be condensed into 
one quantifiable parameter first. This was achieved by multiplying the weight of a 
criterion with rating of the technology within that criterion. 
The following Figure 81 visualise the combined ratings and weights of the criteria for 
each tested technology. On the weighting scale, the criterion of “marketing purposes” 
was neglected, which was why the full hundred percent of the scale were not reached. 
These figures show the different performances of the technologies in comparison to 
each other, as well as the importance of said performance in regards to the perspective 
of the research; which were the derived criteria for the decision making behaviour in 
relation to the order picking process. 
The visualisation with weighted column charts enabled the condensation of the 
weighting of the criteria in the final pie chart as result from the interviewing stage 
(Figure 38) and the ratings of the performances of the picking technologies in the radar 
chart as result from the experimenting stage (Figure 80). The area covered by the 
columns represented directly the overall performance. 
  
                                                
 
41 The mixed methods approach and the applicability of the analytical hierarchy process is discussed in 
chapter 4.1 . 
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Figure 81: Visualisation of the weighted ratings as area charts – The width of the 
column represents the weight of the criterion as derived from the interviews. The height 
of the column represents the evaluated rating of the technology during the 
experiments. The figures offer the combined evaluation of the technologies’ abilities 
under the aspects of the research 
The comparison of the different performance of the tested technologies within one 
criterion was already discussed in chapter 7.3. The result now attached also the weight 
of the criterion in relation to the rating of the technology. 
It could be seen that the slightly better performance of the HMD in contrast to the 
scan and voice system in the first three categories was also corresponding with a high 
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weight for the overall evaluation. The voice system completed the evaluation in these 
first three criteria as second before the scanning system. 
Only the fifth important criterion evaluates the picking technologies in the exact 
inverse order. The following categories then rated the HMD better again. The only 
exception was criterion “flexibility” with the voice system first, followed by pick by scan 
and the HMD. 
This let conclude already for the dominance of the HMD system from an overall 
perspective. 
For a precise evaluation and result, the summary of the weighted single ratings was 
performed with a value-benefit analysis and is discussed in the next sub chapter. 
8.2 Value-Benefit Analysis of the Weighted Ratings 
The foregoing sub chapter discussed the combination of the results of the two 
research steps into one set of weighted ratings per technology. In order to condense 
the sets of data further and with it enable the final evaluation of the overall performance 
of the tested order picking technologies, a value-benefit analysis was conducted. 
For the analysis, the rating in each criterion and of each technology was multiplied 
with the corresponding weight of the criterion. The result was a fractioned rating for 
each criterion on the same scale as the initial rating of the performance. The sums of 
these fractioned ratings were then calculated and provided the desired evaluation 
rating. 
In a summary, the fractioned ratings as well as the total result are presented in Table 
52 on the next page. As the criterion of marketing purposes was missing, the evaluated 
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weight was in total 95,07% of all 15 criteria. Therefore the range of the final evaluation 
scale was from 0 to 4,7542. 
  
                                                
 
42 The exact value was 4,7535 as 95,07% of 5. 
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The missing criterion of marketing purposes could not be related to any measurable 
variable of the laboratory experiments as described in the documentation of the setup 
of the experiment in chapter 7.1.3. As this criterion accounted for 4,93% of the total 
weight, the additional point corridor was therefore 0,00 to 0,25 points43. For the final 
result of the experiment stage it could be stated, that this criterion would not have had 
influenced the outcome in regards to the evaluation of the HMD system. 
The resulting evaluation of the value benefit analysis for the three technologies in 
order picking can be stated as below: 
 
Scan Voice HMD 
2,90 3,07 3,35 
Table 53: Total result of the value benefit analysis of the three technolgies 
The overall rating and evaluation of the HMD based picking system could therefore 
be stated as best under the parameters defined by the research. It was followed by 
pick by voice on the second place and pick by scan on the last place. 
This answered successfully one sub objective of the research: 
Evaluate the abilities of the Mixed Reality to technologically fulfil the 
worked out aspects. 
It could be stated that MR based picking was already able to compete with the 
prevalent technologies in manual order picking. This was evaluated under laboratory 
conditions and with the focus on the desired abilities, derived from the decision makers’ 
input. Within these conditions, MR assisted order picking performed as the best of the 
three tested technologies. 
                                                
 
43 The exact maximum value is 0,2465 as result of 4,93% out of 5. 
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For the next step of the evaluation, the following chapter is focusing on the 
discussion of the strengths and weaknesses of the technologies in detail. 
8.3 Discussion of the Performance of the Technologies in the Different Criteria 
As the foregoing chapter answered positively a further applicability of MR in order 
picking, this segment of the evaluation focused on the specification of the advantages 
and disadvantages of MR in comparison to scanner and voice based picking. 
The purpose of this comparison was the elaborate the strengths and weaknesses of 
the innovative technology as basis for further development. 
Of the 14 tested criteria the following four were excluded from further consideration: 
 reliability 
 rugged technology 
 connectivity 
 tested / approved 
As the foregoing experimenting stage showed, these criteria could be considered as 
absolutely fulfilled for all of the three technologies. Furthermore they were indifferent for 
the relative performance of the systems in comparison. This was related to the rating of 
2,50 as result of the yes-no evaluation during the analysis. 
The results of systems in the remaining criteria were then visualised in radar charts 
to compare the results. They radar charts are summarised in Figure 82. 
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Figure 82: Radar charts of the technologies’ performances in the relevant criteria for 
the detailed evaluation of the strengths and weaknesses – On the perfomance scale, 
five is the best result and zero the worst. 
The radar charts provided the impression that, in comparison, the HMD system was 
an all-round performing technology. No performance rating drops below 2,50, yet no 
rating achieves the maximum value of 5,00. 
This was very different for the other two systems which had a much higher 
diversification of the rating results. 
The first conclusion for the specific evaluation of HMDs in order picking was 
therefore that there was no significant, relative weakness. 
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In a second step, the mean value of the performances of pick by voice and pick by 
scan was set in relation to the performance of the HMD system. 
The calculated delta in each criterion is presented in Table 54: 
 
 
Table 54: Relative performance of the HMD system versus the mean rating of pick 
by scan and pick by voice – A positive delta value shows a relative strength of MR 
based picking and a negative value shows a relative weakness. 
When compared to the available systems, the MR based picking therefore already 
provided strengths in the areas of: 
 cost reduction 
 ease of use 
 performance enhancement 
 job enrichment 
 short learning period 
Scan Voice HMD De lta
Crite rio n Rating Rating Rating Rating 
Cost Reduction 3,47 3,72 3,59 3,92 0,33
Ease of Use 3,60 3,72 3,66 4,12 0,46
Performance Enhancement 1,93 2,60 2,27 4,21 1,95
Quality, Fault Prevention 5,00 4,83 4,92 3,62 -1,30
Ergonomic Factors 2,83 3,62 3,23 3,17 -0,06
Job Enrichment 2,87 2,87 2,87 3,68 0,81
Employee Feedback 2,95 2,80 2,88 3,75 0,88
Short Learning Period 2,04 2,31 2,18 4,17 2,00
Stress Level, Ergonomic Strain 2,50 2,50 2,50 2,50 0,00
Flexibility 4,14 4,36 4,25 3,90 -0,35
Me a n o f 
Sca n a nd  
Vo ice
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The weaknesses lied in the categories: 
 quality, fault prevention 
 flexibility 
 
Two criteria could be considered as relatively equal: 
 ergonomic factors 
 stress level, ergonomic strain 
 
The found weaknesses have to be considered for further development of the 
technology MR in picking. 
In general it has to be decided whether to focus on improving the strengths further or 
decreasing the weaknesses. The HMD system has proven to be very well-rounded 
already. Therefore, the listed advantages and disadvantages in this chapter offer the 
foundation for a strategic and entrepreneurial decision for future research and 
development, based on the intentions of future projects. 
With regards to the weight of the criteria and as per the evaluation of the 
experiments, the rating for cost reduction was based half on the quality measurement. 
Therefore the recommendation of this research was to focus on this weakness even 
more for further improvement. 
 
The MR system proved to be already applicable in this stage of the development. 
Given that order picking processes were not standardised and may differ for every 
case, the presented evaluation of the strengths and weaknesses offered a possible 
check list for the applicability of the technology in any specific application envisaged. 
 
In conclusion, the analysis of the strengths and weaknesses of MR based systems 
answered the following of the initial research questions successfully: 
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What is an efficient and effective way to implement Mixed Reality for 
manual order picking? 
The following sub chapter summarises the evaluation of the applicability of MR in 
order picking. 
8.4 Conclusion on the Innovative Potential of Mixed Reality in Order Picking 
The joining of the two stages of the research, the qualitative and quantitative 
analyses, evaluated the innovative potential of MR in order picking successfully. 
At this stage of development of the technology, MR was already competitive to the 
existing technologies in manual order picking, like pick by scan and pick by voice. 
The condensation of the expert interviews and the laboratory experiments evaluated 
all three tested technologies in different criteria. This evaluation was based on the 
weight of the criteria, derived from the interview analysis, and the performance of the 
technology, measured and analysed during the experiments. 
The final score of the technologies in descending order was 3,35 for pick by HMD, 
3,07 for pick by voice and 2,90 for pick by scan. Therefore the MR based picking 
system performed as best under the parameters of the research. This was a clear 
statement for an implementation and further development of the technology in the 
aspired process. 
The only criterion derived from the interviews that could not be measured, concerned 
marketing purposes. However, the weight of said criterion was not high enough to alter 
the resulting ranking of the technologies. 
The second part of the condensation of both research steps focused on the 
advantages and disadvantages of MR in comparison to the other technologies and the 
weight of the criteria. This was in reference to any potential further development of the 
technology which was recommended. Focusing first on decreasing the disadvantages 
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or increasing the advantages may differentiate for any specific application or 
entrepreneurial behaviour. However, the disciplines in which to develop MR were 
clearly stated and could be used as guideline. In contrast to competing technologies, 
the influence on further development of MR was still high, as it is in its early stages 
(Resch, 2006). 
The approach of the research aimed to fulfil the following main objective: 
Developing a Methodical Approach for the Systematic Identification of 
Innovative Technological Applications – Based On Mixed Reality in Manual 
Order Picking 
It could be stated that this was achieved successfully. 
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9 Validating the Approach and the Findings 
The following chapter describes the validation of the mixed methods approach for 
finding the relevant criteria for the decision making process and the evaluation of the 
order picking technologies within these criteria. 
First, the temporal conduct and the causal context of the two stages of the research 
were further elaborated. 
In the second part of the chapter, the findings of the research and the approach were 
discussed with some of the initial interviewees. They were presented the approach and 
the results after the initial interviews in order to validate it from their point of view as 
target group. 
9.1 Summary of the Mixed Methods Approach and the Findings 
The overall methodology of the research was based on the longitudinal combination 
of two different methodologies. The first methodology, interviews with budgetary and 
authoritative decision makers, gathered qualitative data and was based on inductive 
and deductive approaches during the conduct and the analysis. The second 
methodology, laboratory experiments, gathered quantitative data to asses and evaluate 
the found criteria from the first stage of the research. 
The temporal conduct of the mixed methods approach is visualised in Figure 83: 
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Figure 83: Summary of the temporal conduct of the mixed methods approach 
The order of the methodologies was on purpose. Similar research projects, 
beginning with experiments, had the problematic of determining the relevant criteria for 
evaluation within the experiments. Often, they pre-decided what is important for the 
process of application from a technological point of view (Günthner, et al., 2009), 
(Baumann, et al., 2012), (Reif, et al., 2010). 
With the approach undertaken during this research, the perspective of the 
technological evaluation was based precisely on the users and applicants point of view. 
This not only limited the amount of effort for the experiments but also ensured the 
effective and efficient application of the research methodology on the research 
objectives. 
The principal applicability of MR in manual order picking, which was an essential 
requirement for the methodological approach, was tested foregoing and successfully. 
The therefore used short field experiment was described in chapter 5. 
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The causal context of the mixed methods and their relationship to each other is 
explained in Figure 84 and the following pages. 
 
 
Figure 84: Causal context of the mixed methods approach – The interplay of the two 
methodologies used during the research and their constructive contribution are 
visualised. 
Firstly, the interviewing methodology offered a wide and open-minded start for the 
finding of the relevant criteria for a positive decision for the implementation of a new 
technology. Many questions were based on the latest theories of innovations 
management and the industry of logistics and warehousing, yet these were the starting 
points of the discussions with the interviewees and it was allowed for ample space for 
new and additional input from the experts. The combination of the mixed inductive and 
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deductive interview guideline ensured openness for new findings as well as a legitimate 
backbone to start the interviews not too far away from possible aspects. 
The analysis of the qualitative data narrowed down the funnel of potential criteria. 
Only the criteria mentioned during the interviews remained and they were weighted 
according to their importance. 
This allowed setting the focus for the experimenting stage. The derived criteria were 
directly applied as measurable parameters of performance during the experiments. The 
aspects of the performance measurement of the innovative technology and the control 
technology could therefore be based straightforward on the relevant criteria. There was 
no form of determination of the evaluation by the technologies abilities beforehand. 
The analysis of the quantitative data from the experimenting stage evaluated the 
technologies in the desired aspects. Not only could the general feasibility be tested, but 
also the relative performance of the competing technologies against each other and on 
a generalised scale. The latter was important to make the approach more reliable when 
changing one or more of the tested technologies. The scale for the rating of the 
performance was therefore based either on the general minimum and maximum 
possible results (like zero mistakes or a 100% satisfaction) or it was based on the 
single worst and best achieved results over all technologies (like the least picking time 
or the best stress result). The results were relative rankings of the technologies for 
every aspect measured. 
For the conclusive step of the approach, the condensation of the results from the two 
methodologies offered a final evaluation for the fitness of MR in relation to the process 
of manual order picking and the competing technologies. This was achieved by 
combining the weight of the criteria with the performance rating of the technology. It 
provided a fractioned rating for each criterion which altogether stated the overall 
performance of the tested technology. 
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Therefore the mixed methods approach not only enabled the evaluation of the fitness 
of MR in order picking, but also the direct relation to the competing technologies. This 
enabled a pragmatic statement for the information of applicants and developers in the 
industry of logistics. 
The approach, from the definition of the desired aspects of a new and innovative 
technology on to the evaluation of the performance under said aspects differs strongly 
from the approaches undertaken in the literature so far. 
9.2 Discussion of the Summary with the Interview Partners 
After completing the evaluation of MR as a condensation of the interviewing and the 
experimenting stage, the results were presented to a part of the initial interviews, 
together with an explanation of the methodological approach and the data analysis. 
In the context of the research, it was the aim to validate the approach and results via 
the potential users. 
The presentations were held in person and with only one interviewee at a time. Of 
the initial interviewees only three were in local access to the researcher. Of these three 
candidates, two were offering time to view the presentation and discuss the findings. 
9.2.1 Elements of the Feedback Presentation 
The feedback presentations together with the following discussion of the results took 
around 70 and 80 minutes. 
In order to focus on the relevant results and the methodological approach, parts of 
the research had to be chosen for the content of the slides. As the interviewees took 
already part in the first stage of the research, the main focus was the analysis of the 
interview data, the following experiments and the conclusive evaluation of MR based 
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order picking. The time between the initial interviews and the final presentation was 
approximately one year, so the background of the research was refreshed as well. 
The presentation followed the following contents44: 
 Introduction 
o Background of the Research 
This slide showed the cycle of competition, driving the necessity for 
innovative solutions, in particular logistics and MR. 
o Research Objective 
The intersection between technological abilities and procedural needs 
was stated. The development of a methodical approach to assess this 
intersection was mentioned. 
o Research Approach 
The longitudinal and causal conduct of the mixed methods was 
explained. 
 Interviewing Stage 
o Interview Analysis 
The three perspectives of the interview analysis, the topic frequency, 
TAM and directly rated questions, were introduced. 
o Results of the Interviews 
The pie chart of the derived criteria for the decision making process and 
their weights was presented. 
 Experimenting Stage 
o Setup of the Experiment 
The layout of the laboratory and a picture of it were shown. 
  
                                                
 
44 The full presentation can be found in appendix 11.7. 
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o Mixed Reality Prototype 
Several pictures of the tested MR prototype were shown. The prototype 
was not available any more at the point of the presentation, so pictures 
assisted for a clear explanation of the prototype. 
o General Data 
This included the number of participants and measured picks as well as 
general information like distribution of gender, age and any previous 
experience. 
 Evaluation of the Experiment 
o Stress Level 
The distribution of the TLX results was shown in a column chart with 
whiskers. The rating of the technologies was stated as well. 
o Quality 
Likewise the error distribution and rating were presented. 
o Performance 
Also the distribution of the performance measurements and the ratings 
were shown. 
o Feedback 
This included the ratings for the criteria job enrichment, ergonomic 
factors, ease of use and the direct feedback. 
o Results from the Experiments 
The radar chart of the rating of the three technologies per criterion was 
presented. 
 Conclusive Evaluation of the Research Objective 
o Value – Benefit Analysis 
The weighted rating of the performance per criterion was explained and 
the conclusive evaluation shown. 
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o Detailed Evaluation 
This included the radar chart, reduced on the criteria amenable to 
influence, for each technology, in order to discuss specific advantages 
and disadvantages of the technologies in detail. 
 Conclusion and Final Remarks 
o Conclusion 
The final statement of the presentation stated MR as competitive to 
existing technologies in manual order picking and summarised its 
advantages and disadvantages. 
o Questions to You 
After the contents of the presentation, this was the main topic of the 
validation via the interviewees and was discussed in more detail below. 
 Backup 
The backup included more detailed slides about the foregoing field experiment, 
the different foci of the qualitative data analysis and the methodology and 
analysis of the laboratory experiments. 
 
The last slide of the presentation focused on the impression and opinion of the 
interviewees. The three questions stated there aimed for the evaluation of the 
research, the results and the approach, via the interviewee. 
The three questions were: 
 What is the conclusion for you? 
 How do you assess the approach? 
 Do you have any remarks?  
The feedback discussions and the final input from the interviewees are presented in 
the following chapter. 
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9.2.2 Feedback from the Interviewees 
The presentation was held for the two interviewees with the ID 1 and 3 from the 
initial expert interviews45. 
During the presentation any arising questions were answered and the possibility to 
clarify the understanding of the presented data was used when it seemed appropriate. 
Both interviewees were offered the feedback questionnaire of the experiments to 
comprehend the questions on which the ratings of the participants were based. 
After the presentation, the interviewees were asked three questions in order to 
assess the results of the research and the methodological approach. 
Concerning the first question: 
 What is the conclusion for you? 
both of the interview partners answered that the results proved MR to be applicable as 
competitive order picking technology. 
The relatively high error rate was an issue for both. Interviewee number one however 
related the error rate to the voice recognition of the software and not the hardware of 
the HMD. 
The HMD system has to improve on the error prevention, but that does 
not seem to be an issue of the hardware. 
Therefore he concluded it to be easy replaceable like for instance from the voice 
system. In this context he agreed with the overall result of the MR based picking 
system. Furthermore as the result of the error rate was taken into account twice, for the 
criteria quality and cost reduction, it was factored in accordingly. 
                                                
 
45 The description of the interviewees and their company can be found in chapter 6.1.4.2. 
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The interviewee number three was quite more concerned about the error rate. Her 
opinion was that the other criteria may be considered less important when this 
important factor was too high to make the process running stable. 
The error rate of the HMD system seems to be quite high. Decreasing 
the costs is only important when the error rate is low enough. 
However the explanation of error rates being much higher under laboratory 
conditions with untrained participants than during industrial applications46 was 
accepted. During the further discussion of this point she also reconsidered the error 
rates of their own order picking process around the same probability. She also 
welcomed the fact to differentiate the weight of the criteria of the applied value benefit 
analysis to quickly adapt the rating of the technologies in each case of application. 
The interviewee number one was also quite eager to apply the HMD technology in 
one of his own order picking processes as a next step of development. 
Overall, the results were accepted by both participants of the presentation. 
Questions in concern of the methodology or interpretation of the results could be 
answered successfully. Their perception of the results, of MR being competitive to 
existing order picking technologies and developable, backed up the findings of the 
research. 
 
The second question concerned the approach of the research, mainly the 
longitudinal and causal combination of the initial expert interviews and the following 
laboratory experiments. The question was formulated as follows: 
 How do you assess the approach? 
                                                
 
46 This relation was already discussed during the data analysis in chapter 7.2.6. The average error rate 
in laboratory experiments was 2,9% whereas the HMD performed at an error rate of 0,8% which can 
therefore be considered as low even if it was the highest rate during the tested technologies. 
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Interviewee number one said the results help as a basis for any following industrial 
application and test. The approach of assessing the aspects for an implementation not 
only based on the process but also on relevant hurdles from the perspective of a 
financial investment and the decision making process made the results trustworthy. 
The trustworthy results go in the right direction. This is the basis for any 
following industrial application. 
As mentioned for the question above, the candidate was very eager to take the 
technology to the next step which also indicated his trust in the methodology of finding 
the results. 
The third interviewee agreed with the conduct from definition of the goals during the 
first step and the following testing of the technologies’ abilities. She also recognised the 
adjustable weight of the criteria during the value benefit analysis as very positive for the 
decision making process for specific and unique implementations of the technology. 
The conduct of the research from definition of the goals to the testing is 
very good. The possibility of adjusting the criteria for future use under 
changing circumstances is very pragmatic. 
 
The final question was meant as conclusion and open section for anything 
unregarded. 
The question read: 
 Do you have any remarks?  
Interviewee one did not have any more remarks on the research. He concluded that 
the approach and the results seemed good for use. He deducted that a further 
industrial application of MR in order picking may be advisable as a partial 
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implementation to give some users a long time experience before rolling the technology 
out for all employees. 
The overall approach seems to be very sound. A partial integration, 
respectively roll-out of the technology may be advisable. 
Interviewee number three also concluded that the results and the methodological 
approach were good to use and answered the preceding question of whether to apply 
MR successfully. 
I have no further remarks. The approach seems very good to me and the 
results as well. 
 
Both presentations were regarded as mutual informative. The interviewees were 
interested in the follow up of the research after their participation during the interviews 
and the outcomes in form of applicability of MR at the moment and future possible 
development. 
For the researcher, the feedback provided the opportunity to test the approach and 
findings against the perspective of the respective users. 
The feedback confirmed the results derived during this research and the validity of 
the methodological approach. 
The final conclusions of the participants showed possible directions of extending the 
research in the course of future research projects. 
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9.3 Conclusion on the Mixed Methods Approach 
The mixed methods approach was an integral element of the research project. 
The chapter showed the longitudinal and the causal relation of the two applied 
methodologies, expert interviews and laboratory experiments. Even if they were built 
up on each other, the repetition or extension of one step for further use was possible 
and reliable in its outcomes. This rendered the approach capable of future applications 
with changing technologies and different processes of application. Even within the area 
of manual order picking, small alterations of the weighting could easily be applied to 
form the basis of the decision making for a specified picking process. 
The approach was developed in order to answer the final research question as 
presented in chapter 3.1: 
What methodological approach can assess the innovative potential and 
suitability of a technology, given a specified process of application?  
This was also expressed in one of the three sub objectives of the research: 
Developing a methodological approach to evaluate the suitability of an 
innovative technology for an existing process and its strengths and 
weaknesses within this context for any further development. 
The mixed methods approach was applied successfully to answer the research 
question and the sub objective as was shown in this paper. The presentation of the 
combined methodologies and the corresponding results to the respective users 
confirmed the validity of the approach. 
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10 Summary of the Research 
The need to be economically successful is the key driver for companies to be 
innovative and implement new technologies with increasing efficiency and 
effectiveness. Shaping the abilities of a technology is far easier at the start of the 
implementations process, yet uncertainty with the use of it and the full potential of its 
advantages lead to staggering and withholding from a fast diffusion of innovations. 
One area of application with the ongoing need to optimise is the process of order 
picking. In consequence of the necessary flexibility, this process is still dominated by 
manual labour and the use of the human hand. Several techniques were adapted in the 
past, yet there’s still a technological pull for further optimisation. 
Providing promising advantages to enhance human tasks is the MR. With its blend of 
real and virtual environment, instructions can be upgraded with additional and task 
assisting information. This could be of valuable support for human operators as 
prototypes in different production processes have examined. 
The research undertaken for this thesis focused on developing a methodical 
approach in evaluating the fitness of a specific, innovative technology and a process of 
application for it. The results and the approach were presented in the foregoing 
chapters. The next pages concentrate on the alignment of the methodology and the 
findings on the aims of the research and the relation to the area of research in general. 
10.1 Aims of the Research 
The aim of the research was defined as evaluation of the intersection between an 
innovative technology and a specified process of application. The bigger the overlap of 
the technological abilities and the procedural needs, the more fitting is the 
implementation. The approach was based on the concrete example of manual order 
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picking. It offered a practical background as MR as the technology to be applied was at 
the early stages of its diffusion of the market. Figure 85 is showing the model of the 
intersection: 
 
 
Figure 85: Intersection of procedural needs and technological abilities 
As many research projects and applications so far looked on the technological 
abilities first, and promoting them without the focus on the users wishes and needs, the 
research implemented the approach from the adopters’ point of view. As user, the 
decision maker for the investment, financially and organisationally, was defined. 
10.1.1 The Research Objectives 
The objectives formed the steps on which the stages of the research were based on. 
These stages built up on each other. 
The overall objective was defined as: 
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Developing a Methodical Approach for the Systematic Identification of 
Innovative Technological Applications – Based On Mixed Reality in Manual 
Order Picking 
It was achieved successfully with the derived mixed methods approach. The main 
methodologies consisted of semi-structured interviews with the authoritarian and 
budgetary decision makers and following laboratory experiments. The area of logistics 
supplied the background of the methodologies for the contents of the interviews and 
the characteristics of the experiments. These two main methodologies were framed by 
an initial field experiment with the goal of testing the principal applicability of the 
technology in the process; the concluding methodology was feedback interviews with 
the same decision makers to assess the validity and reliability of the approach and the 
findings. The feedback was positive and confirmed the results. 
The approach was setup flexible though. This meant, whenever a stage of the 
research has to be updated or complemented, this was possible. This could relate to 
additional or new technologies to be tested, as well as changing demands from the 
users or the process. 
One of the sub objectives defined the methodological approach to be general and 
not only specified on manual order picking. It read: 
Developing a methodological approach to evaluate the appropriateness 
of an innovative technology for an existing process and its strengths and 
weaknesses within this context for any further development. 
This was decisive during the elaboration of the approach of the research. The area 
of application was based on the logistics and warehousing, but the methodologies were 
applicable in general, regardless of the technology or process. The presented 
methodological approach claimed to be applicable generally. The flexibility of the 
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approach, mentioned above, concerned exactly the applicability for a broader 
spectrum. Technology as well as interviewees could be exchanged. 
However, its limits in regard of industry, technology or specific processes may be the 
aim of another research. 
The next sub objective defined the perspective of the approach which was not based 
on the technology, but the process of application and furthermore the determining 
criteria from the decision makers for the investment in the application. It was formulated 
as follows: 
Find the determining criteria and aspects for the use of assisting 
technology in the area of order picking. 
The semi-structured interviews with decision makers in logistics were successfully 
used to gather the desired data and analyse the determining criteria. The focus of the 
interviews was for the depth of information. This reduced the number of interviewees, 
but extended the duration of the discussions. The results of the interviews could be 
considered as general findings regardless of the technology MR. 
Based on these findings, the next sub objective assessed the technology with regard 
to these criteria: 
Evaluate the abilities of Mixed Reality to technologically fulfil the 
determining criteria.  
Laboratory experiments were used to assess the performance of MR and competing 
technologies. This enabled the absolute and relative evaluation of the technologies in 
the desired criteria from the foregoing stage. It presented the overall performance as 
well as specific strengths and weaknesses of MR. The laboratory environment provided 
the stable surroundings to measure the desired parameters without undesired 
influences. The amount of participants and length of an experiment was set at least 
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higher than comparable research projects in order to provide sufficient testing. Of the 
15 criteria derived from the interviews, a total of 14 could be implemented and 
assessed. This was more than 95 percent of the weight of the criteria. 
10.1.2 The Research Questions 
The objectives contributed to the answering of the research questions. 
These were: 
What methodological approach can assess the innovative potential and 
suitability of a technology, given a specified process of application? 
This was successfully answered with the mixed methods approach. The interviews 
and laboratory experiments in combination proved to be effective to evaluate the 
intersection between MR and manual order picking. The initial field experiment and the 
feedback interviews stabilised the outcome as they contributed to the external validity 
and reliability. 
The other two research questions were formulated as: 
What benefits do decision makers expect as benefit from the technology 
Mixed Reality, as contribution to the process of order picking?  
and: 
What is an efficient and effective way to implement Mixed Reality for 
manual order picking? 
These questions were addressed by the two main stages of the mixed methods 
approach. The question about the expectation from the decision makers was answered 
by the semi-structured interviews. The question about the way of implementing MR 
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was answered successfully by the overall evaluation of MR during the laboratory 
experiments and the analysis of its strengths and weaknesses. 
During the course of the research, all the initially formulated research questions 
could be answered successfully. 
10.2 Limitations of the Thesis 
The outcome of the research showed to what extent MR can fulfil the users’ needs at 
this particular stage of the technologies development. However the possibilities of MR 
were subject to development in the future and may provide better fulfilment of the 
identified needs or new advantages for implementation. Therefore the result of the 
research may differentiate when undertaken again, after a few years. 
Additionally the approach for the identification of the needs of the manual order 
picking process was based on the temporal needs of the industry and lastly by the 
demands of the final customer of the producers goods. These are also subject to 
change during time and in different regions of a global market. Additionally, different 
companies with different organizational structures, customers and products or services, 
may have different criteria during the adaptation of an innovation. These arguments 
limit the result of the thesis in its manifestation of the elaborated aspects of the 
intersection between needs and fulfilment. 
However, the methodological approach of the mixed methods can provide the basis 
for repetitive conduct of the assessment of both, triggering criteria and evaluation of the 
technology. The limit is therefore specified on the results of the research for the 
assessment of MR in manual order picking and not for the results of the approach 
derived in chapter 4 “Methodology” and assessed in the chapters 8 “Connecting the 
Interviewing Stage and the Experiments to Evaluate the Innovative Potential of Mixed 
Reality” and 9 “Validating the Approach and the Findings”. 
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The methodology on the other hand is limited as well. Only some important aspects 
for a positive decision for the implementation of MR have been found, as the 
complexity of the decision making process is high. Focusing on the authoritative and 
budgetary persons for this decisions lead to the major criteria of decision-making but 
cannot be considered exclusive. This would require a holistic approach that would go 
beyond the scope of this thesis. The necessity of a more holistic and effortful approach 
should be assessed in any case. 
 
The definition of the methodological approach addressed also the differentiation of 
evolutionary and disruptive innovations. Per se, the approach was not aimed to involve 
the assessment of disruptive innovations. The requirements of revolutionary 
performance and criteria cannot be mentioned by the interviewees before knowing the 
possible advantages. 
This was best formulated by the formulation of a quote that was attributed to Henry 
Ford: 
'If I had asked people what they wanted, they would have said faster 
horses.' (Vlaskovits, 2011) 
Vlaskovits (2011), however, also mentioned several examples of disruptive 
innovations going over into the same stages of development, once the proper industry 
and process of application was found. In this sense, it could be concluded, that the 
derived methodological approach does not apply for disruptive innovations as long as 
they have not established a field of application with further evolutionary development. 
 
A third area of limitation for the research was the generalisation of the mixed 
methods approach for other technologies, industries and processes. The methodology 
was derived with the specific environment of logistics and MR as technology in mind. 
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The assessment evaluated the approach as successful and valid in its results. 
However, the exact limits of the approach can only be found when conducting a wider 
research in different areas of application and with different technologies. 
 
In summary, the limitations of the research are: 
 The evaluation of the intersection between MR and manual order picking at the 
moment, the research was undertaken. 
 No applicability for disruptive technologies. 
 Unknown limits of the derived methodological mixed methods approach in 
regard to technology and industry. 
10.3 Results in the Context of the Area of the Research 
For the summary of the research it could be discussed, whether the research 
contradicted or complemented the literature. 
This was regarded in the three fields of the initial literature review: logistics, Mixed 
Reality and innovations management. 
 
Logistics 
The literature review in logistics showed the necessity for optimisation and the cycle 
of competition driving the search for innovative solutions. The criteria derived for the 
decision making process from the interviews, support the initially found aspects of, for 
example, cost reduction, performance enhancement and a stable quality of the picked 
orders. These findings affirm the necessity of continually improving under competition 
in the general economy. This was stated by Friedman (2006) and Klein and Stumpp 
(2007). Furthermore, it supports also the strong competitive aspects in logistics in 
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specific, as was mentioned by Reif and Walch (2008), Lee et al. (2011) and Gu et al. 
(2007). 
The already conducted laboratory experiments with Augmented Reality were 
focused solely on the technological abilities. Some of them were found again in the 
analysis of the interviews. Many others, like flexibility, employee feedback, ergonomic 
strain, job enrichment, connectivity, short learning period, ease of use and marketing 
purposes were new and added to the consideration. This not only enriched the 
available aspects for evaluation but was also successfully assessed during the 
following laboratory experiments. In addition to the initial studies of Reif et al. (2010), 
Günthner et al.(2009), Galka and Günthner (2013) and Baumann et al. (2012), the 
evaluation of the applicability was rounded out and has now a valid relation to the users 
and the processes requirements. This validity is even more confirmed after the main 
research stages, again by the users of the innovation. The findings of this research can 
therefore be considered to contribute on the practical development of MR based order 
picking systems. 
 
Mixed Reality 
The research differed in one point from the initial literature review. The prevalent 
opinion was that MR could only be applied efficiently and effectively for a process that 
involves a critical complexity according to Alt (2003). However, the relatively simple 
information representation of the applied prototype is of low complexity. The 
information and tasks are similar to the paper based picking version and therefore 
neither difficult interaction nor perception of complicated instructions is necessary. Yet 
the MR based technology competed best in relation to the other existing and applied 
technologies. The research shows that MR is also applicable for very simple tasks. 
This can extend the principal field of possible applications of MR. 
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Another point is distinction discussed in the literature review concerning the 
necessity of tracking technology for the application of MR in any process. In a classical 
sense, researchers like Alt (2003), Müller (2001), Livingston (1998) and Kato and 
Billinghurst (1999) evaluated the implementation of tracking systems as very useful for 
MR. Later applications, like the assistance for surgical operations from Marmulla et al. 
(2005) already omit tracking systems and are doing very well. This research confirms 
the applicability of MR without tracking and sides therefore with the latter and later 
findings. 
 
Innovations Management 
The theories and models in the area of innovations management influenced the 
methodological approach of the mixed methods as well as the background for the 
expert interviews. The feedback presentations provide the confirmation and 
applicability of these theories within the limits of the research. This concerns mainly the 
diffusion of innovations as introduced by Rogers (2003) and Moore (1999) and the 
TAM as discussed by Davis (1989), Rao (2004) and Sailer (2012). The approach 
applied for this research can therefore extend the diffusion of innovations as formulated 
by Rogers (2003) and therefore address some of its limits opposed by MacVaugh and 
Schiavone (2010) 
Moore (1999) addressed the difficulty of going from the market share of the 
innovators to the early adopters and early majority. The research also showed the 
potential of MR based picking as the innovation to overcome this chasm in form of 
serial applicability instead of prototypes as was the case before the research. After all, 
some of the participants as interviewee were very eager to bring the technology to the 
next step in its diffusion. 
The match of the found criteria for the decision making process of the open 
qualitative data analysis was very high with the criteria of the TAM used in the 
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structured analysis. This confirms the applicability of the Davis’ (1989) model in the 
field of logistics and order picking. 
One last aspect to be considered by the findings of the research and the initial 
literature review concerns Resch’s (2006) discussion of influencing technologies during 
the early stages of their development. The research clearly shows the advantages and 
disadvantages of the technology MR for order picking at the moment and on the other 
hand relates them to the desired direction of development. This can be considered as a 
very practical solution of Resch’s (2006) research gap within the limits of order picking 
and MR. 
10.4 Possible Further Directions of Research 
With the state of the concluded research results, two possible directions for further 
research emerged. 
The first one was the further testing of the derived methodological approach of the 
mixed methods for other process in different industries and different technologies. As 
application the approach within the environment of this research offered benefits for 
users as well as developers of the technology, this benefit may be possible also for 
other areas. The schematic of applying the approach on a more general level is 
presented in Figure 86: 
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Figure 86: Testing of the derived methodological approach of the research within 
different industries and with different technologies 
A second possible area of extending the research can be a methodological approach 
for quickly assessing the more specific weaknesses and strengths for a concrete 
industrial process of order picking. This would enable the developers of MR based 
order picking systems to specify in more detail the characteristics for the 
implementation of the system. This may not include longer plans of strategic 
development, but short time aspects for concrete implementations. The methodological 
approach for the detailed assessment could extend the original mixed methods 
approach, as well as being applied independently. 
10.5 Contribution to Knowledge 
The research provides four contributions to the present knowledge. The main and 
major contribution is based in the field of innovations management. A new framework 
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is derived to evaluate the suitability of an innovative technology for an existing process. 
It offers an assessment of the strengths and weaknesses of technologies within the 
area of application and a conclusive recommendation for or against further 
implementation. 
The framework consists of finding the determining criteria for a technological and 
economic useful implementation and the evaluation of existing and pending 
technologies within the found criteria. 
 
The minor contributions to the present knowledge are, in their corresponding areas 
of research: 
 Logistics, Order Picking: Current technologies for manual order picking are 
evaluated according to procedural and entrepreneurial requirements of the 
industry. The results of the evaluation offer a clear advice of what technology 
to use at the moment for a specific company or process. Furthermore the 
applied methodological approach can be reused if determining criteria for the 
evaluation change or new technologies emerge. 
 Mixed Reality: The process of order picking is identified and evaluated 
positively as field for the serial application of Mixed Reality and as a market 
beyond prototypal implementation. The results of the research approve the 
fitness from both, technological and economic criteria. 
 Methodological Approach: Qualitative and quantitative methodologies, 
namely interviews and experiments, were combined in a mixed-methods-
approach. The approach incorporates four steps of alternating qualitative and 
quantitative methodologies. This offers unprecedented validity and reliability 
for the results of the methodological approach. 
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11 Appendices 
11.1 Nonparametric Test of the Performance Measurement of the Initial Field 
Experiment 
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11.2 The Interview Guideline – Translated into English 
Introduction 
Presentation of the research and the conduct of the interview 
 University of Plymouth 
Research Objectives 
Conduct of the interview (recording (audio and notes), return, approval 
(interviewee or company?, anonymous) 
Confidentiality of the input, possibility of deleting information, ethics 
protocol 
 
Questions 
Company and Interviewee 
 Size of the company (number of employees, turnover) 
 Industry and core competencies of the company 
 Years of the interviewee belonging to the company 
 Position of the interviewee, responsibility, organisational structure 
 
Investment Process and Behaviour 
 What’s the general process/approach for investments? 
 What are general criteria for investments? 
 How important is the investment level?  
 Is there any focus on a ROI (return on investment)?  
 If yes, what are the criteria?   
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Warehousing and Order Picking 
 How important is the process of order picking / warehousing within the 
company (core competency or close to being outsourced)? 
 Performance indicators and volume for warehousing to be handled / 
achieved 
 Is there any tendency concerning the performance indicators? 
 What order picking technique is used? Was or is there any tendency? 
 What performance is achieved (picks per hour, picking errors)? 
 What is the order picking strategy (multiple steps, shifts, limiting 
parameters)?  
 What influence has order picking on the cost structure of the warehouse? 
Leverage potential for optimisation 
 
Potential for Optimisation in Order Picking 
 Is there any need for optimisation? 
 What are the main points for optimisation? 
 
Specific Investment in Order Picking 
 Is any new investment or change in technology planned for order 
picking? 
 What are the main criteria for any new investment in order picking or 
change in technology? 
 What is expected from a new order picking technique? 
 How important is the performance of an order picking system? 
 Are connected process (foregoing or following) also in focus for 
optimisation? 
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 How important is the opinion of the employee / operational user of the 
technology? 
 What criteria are important concerning ergonomics and where are limits? 
 How important is the price / cost? 
 To what degree does a new technology have to have a proof of concept? 
How does it have to be proved successfully?  
 What events trigger a change in technology? 
 
TAM-Criteria (technology acceptance model) 
Please assess the following criteria according to their importance for an 
application (5 very important; 1 = not relevant): 
 Technology 
o Novelty / uniqueness 
5 4 3 2 1 
     
 
o Proof of concept / references of performance 
5 4 3 2 1 
     
 
o Assisting the process concerning performance / time per pick 
needed 
5 4 3 2 1 
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o Assisting the process concerning quality / picking errors 
5 4 3 2 1 
     
 
 Ergonomics 
o Short training period 
5 4 3 2 1 
     
 
o Ease of use  
5 4 3 2 1 
     
 
o Multiple functionality (even beyond the main order picking 
process) 
5 4 3 2 1 
     
 
 Employees 
o Opinion of the employees 
5 4 3 2 1 
     
 
o Stress level 
5 4 3 2 1 
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o Ergonomic strain 
5 4 3 2 1 
     
 
o Job enrichment via the technology 
5 4 3 2 1 
     
 
Possibility to implement any connecting processes 
5 4 3 2 1 
     
 
 Additional criteria (interviewee) 
o _ 
5 4 3 2 1 
     
 
o _ 
5 4 3 2 1 
     
 
o _ 
5 4 3 2 1 
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(Rao, 2004, p. 8) 
 
Space for interviewee’s own input 
 Is there any additional input from the interviewee? 
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11.3 NViVo 9 Tables and Figures 
11.3.1 Original Word Clouds in German 
Important and Influencing Criteria for the Decision Making Process: 
 
 
 
 
 
  
anderen betracht 
entscheidend gibt gut 
investition kommen kosten 
kunden 
mitarbeiter 
prinzipiell produkt projekte 
prozesse rolle spielt 
technologie thema 
über wahrnehmung  
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Desired Abilities and Improvements of a New Technology: 
 
 
  anderen entscheidend gibt 
investition 
kommissionierung 
kunden mensch 
mitarbeiter nach 
pick pro produkt 
prozesse rolle seine stelle tätigkeit 
technologie über 
wahrnehmung  
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11.3.2 Model of the Coded Nodes in NVivo 9 and Tree Map of the Coverage 
NVivo 9-Model: 
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Tree Map of the Coverage: 
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11.4 Specifications of the Used Picking Technologies 
11.4.1 Specification Sheet of the Motorola Solutions HC-1 
Text has been removed due to Copyright restrictions. 
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Text has been removed due to Copyright restrictions. 
 
(Motorola Solutions, Inc., 2012) 
  
Appendices 
 
 
 
 
 
- 369 - 
11.4.2 Specification Sheet of the MC9000-G Series 
Text has been removed due to Copyright restrictions. 
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Text has been removed due to Copyright restrictions. 
 
(Motorola Solutions Inc., 2010)  
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11.4.3 Specification Sheet of the Voxter® Black Edition 
Text has been removed due to Copyright restrictions. 
 
(Topsystem GmbH, 2010) 
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11.5 Information Package for the Participants of the Experiment 
Developing a Methodical Approach for the Systematic Identification of 
Technological Potentialities and Application of Mixed Reality in  
Manual Order Picking 
 
 
Markus Ehmann 
 
ETHICS PROTOCOL 
 
THE PROJECT  
The objective of the research is the development of a methodical approach for the systematic 
identification of the technological potentialities and application of mixed reality (abbreviated as 
MR in the following) in manual order picking. The aim is to find an overlap between the 
technological potentialities of mixed reality and the procedural needs of order picking. 
This leads to the following two sub-objectives: Finding the determining criteria and aspects for 
the use of assisting technology in the area of order picking, and evaluating the abilities of the 
MR to technologically fulfil the worked out aspects. 
In the first part, qualitative knowledge of what are the influencing parameters has to be 
gathered. This requires finding and building a new theory leading to an inductive methodology: 
In-Depth-Interviews with the authoritative and budgetary decision makers for new technological 
implementations at potential applying companies lead to the determining aspects for the use of 
the technology MR. 
The elaborated aspects from the interviews have to be implemented in a new prototype of an 
MR-assisted order picking system. This execution is limited qualitatively and quantitatively to the 
technological and economical possible means from the point of view of the user and the current 
development stage of the technology. 
The prepared prototype will then be test in an experiment, which is the second part of the 
research: 
Comparing current technologies for order picking with MR in an experiment leads to the 
evaluation of the ability of MR to fulfill the elaborated needs from the interviews. 
This is the deductive testing of the applicability of MR as innovation. Quantitative data will be 
gathered to measure the fulfilment degree of the earlier found criteria. 
 
What it will entail 
 Interviews with key decision makers of applying companies 
 Experiments with a Mixed-Reality prototype 
 Collection of assessment data 
 
Informed Consent 
Participants (congress participants, stake holder of technologies, industry gurus, technology 
manufacturer and potential users) of interviews or surveys will be given a copy of the ethics 
protocol and any questions about the study will be answered. Where people are concerned, 
permission will be coordinated with the PhD supervisor. 
 
Right to Withdraw 
All participants will be offered the option not to answer questions or to withdraw from the study 
at any time. 
 
Feedback 
A summary of the research findings will be available for all participants at the conclusion of the 
study by contacting a member of the research team, and copies given to the interviewed 
organization for distribution. 
 
 
Appendices 
 
 
 
 
 
- 373 - 
Anonymity and Confidentiality 
Transcripts of interviews and all other collected data will be kept confidential and only used for 
research purposes. Published data will be generic rather than specific. Names of interviewees 
will not be included. Whenever it is impossible to guarantee the organizations or interviewees’ 
anonymity, the name of the organization will only be used in publications with the interviewees 
consent. Drafts of written papers and articles will be checked with the interviewee for factual 
accuracy prior to publication. Responsibility for the interpretation of data remains with the 
research team.  
 
Thank you very much for taking part in this research. 
 
If you wish to discuss this study, please contact: 
Markus Ehmann Tel: +49 (0) 152 55 74 66 13  Email markus.ehmann@plymouth.ac.uk 
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Introduction 
 
ethics protocol 
  information about the overall objective 
  information about the interviews 
  possibility of withdrawal 
 
 structure of the experiment 
  three rounds 
  performance and error measurement 
  stress test 
  feedback questionnaire 
 
 picking technologies 
  trial phase 
 
 structure of the laboratory 
  gänge 
  nummerierung 
  verschiedene fächer 
 
 
 any questions? 
 
  
Appendices 
 
 
 
 
 
- 375 - 
Error List 
 
Participant:  ________    Date:  ___________________ 
 
 
 
Technology:  ___________________________ 
 
• Typfehler: falscher Artikel, hinzufügen eines Artikels 
 
 
 
 
 
 
 
Technology:  ___________________________ 
 
• Typfehler: falscher Artikel, hinzufügen eines Artikels 
 
 
 
 
 
 
 
Technology:  ___________________________ 
 
• Typfehler: falscher Artikel, hinzufügen eines Artikels 
 
 
 
 
 
 
 
 
 
Technology:  ___________________________ 
 
• Typfehler: falscher Artikel, hinzufügen eines Artikels 
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Code:  __________     Datum:  ___________________ 
 
 
Feedbackbogen zum Laborversuch neuer Kommissioniertechnologien 
Bitte füllen Sie diesen Feedbackbogen entsprechend Ihrer eigenen Meinung und 
Einschätzung aus. Die Angaben werden anonym erfasst und es erfolgt keine 
personenbezogene Auswertung. Sie leisten damit einen wichtigen Beitrag zum 
Forschungsprojekt für die Entscheidungshilfe bei Kommissioniertechnologien.  
Vielen Dank!  
 
Angaben zur Person 
Wie alt sind Sie?   __________ 
Haben Sie bereits Erfahrung in der Kommissionierung sammeln können? 
Ja  Nein  
 
Falls ja, wie lange: ______________________________________________ 
 
und mit welchem Kommissionierverfahren: 
 
______________________________________________________________ 
 
Haben Sie bereits Erfahrung mit Head Mounted Displays (HMD) sammeln können? 
Ja  Nein  
 
Falls ja, welcher Art: ______________________________________________ 
 
______________________________________________________________ 
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Bewertungskriterien 
Bitte bewerten Sie das Abschneiden der drei eingesetzten Technologien in den 
folgenden Kriterien. Bitte vergeben Sie dabei pro Kategorie und Technologie bis zu fünf 
Punkte (5 = sehr gut; 4 = gut; 3 = mittelmäßig; 2 = schlecht; 1 = sehr schlecht): 
 
1 Bedienbarkeit 
1.1 Wie gut hat Sie die Technologie durch Ihre Aufgabe begleitet? 
Scanner Voice Head Mounted Display 
   
 
1.2 Wie einfach war die Handhabung mit dem Gerät zu Erlernen? 
Scanner Voice Head Mounted Display 
   
 
1.3 Wie sicher fühlten Sie sich im Umgang mit dem Gerät am Ende des Versuchs? 
Scanner Voice Head Mounted Display 
   
 
1.4 Wie sehr konnten Sie sich im Umgang mit dem Gerät im Laufe des Versuchs 
verbessern? 
Scanner Voice Head Mounted Display 
   
 
1.5 Wie sehr wurden Sie von der Technologie bei Ihrer Arbeit unterstützt? 
Scanner Voice Head Mounted Display 
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2 Ergonomie 
2.1 Mit welchem Gerät war es angenehmer zu Arbeiten? 
Scanner Voice Head Mounted Display 
   
 
2.2 Wie beurteilen Sie das Gesamtgewicht des Systems? 
Scanner Voice Head Mounted Display 
   
 
2.3 Wie beurteilen Sie den Tragekomfort? 
Scanner Voice Head Mounted Display 
   
 
2.4 Wie war Ihr körperliches Befinden nach der Versuchsrunde mit dem 
entsprechenden Gerät? 
Scanner Voice Head Mounted Display 
   
 
2.5 Welche Technologie war während des Arbeitens unaufdringlicher? 
Scanner Voice Head Mounted Display 
   
 
 
3 Motivation 
3.1 Wie hat es Ihnen gefallen, mit dieser Technologie zu arbeiten? 
Scanner Voice Head Mounted Display 
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3.2 Inwieweit hat das Gerät Ihre Motivation zur Arbeit erhöht? 
Scanner Voice Head Mounted Display 
   
 
3.3 Mit welchem Gerät können Sie sich auch weitere Aufgaben um den eigentlichen 
Kommissioniervorgang herum, vorstellen? 
Scanner Voice Head Mounted Display 
   
 
 
4 Feedback 
4.1 Können Sie sich eine tägliche Verwendung der Technologie vorstellen? 
Scanner Voice Head Mounted Display 
   
 
4.2 In welcher Technologie sehen Sie das größte Potential für zukünftige 
Umsetzungen in der Kommissionierung? 
Scanner Voice Head Mounted Display 
   
 
4.3 Würden Sie die Arbeit mit diesem Gerät weiterempfehlen? 
Scanner Voice Head Mounted Display 
   
 
4.4 Mit welcher Technologie würden Sie am Liebsten arbeiten? 
Scanner Voice Head Mounted Display 
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11.6 Tables and Figures of the Data Analysis (IBM SPSS Statisitics 20 and MS 
Excel 2007, Data Analysis Pack) 
11.6.1 Nonparametric Test of the TLX Values 
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11.6.2 Nonparametric Test of the Directly Rated Questions of the Feedback 
Questionnaire 
11.6.2.1 Direct Feedback 
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11.6.2.2 Motivation 
 
Appendices 
 
 
 
 
 
- 389 - 
 
Appendices 
 
 
 
 
 
- 390 - 
 
  
Appendices 
 
 
 
 
 
- 391 - 
 
  
Appendices 
 
 
 
 
 
- 392 - 
11.6.2.3 Ergonomics 
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11.6.2.4 Ease of Use 
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11.6.3 Nonparametric Test of the Server Response Bug of the HMD 
Hypothesis Test Summary 
 
Null Hypothesis Test 
Sig
. 
Decision 
1 
The categories defined by 
Bug_HMD = 0,00 and 1,00 occur 
with probabilities 0,5 and 0,5. 
One-Sample 
Binomial Test 
1
1
 
Retain the null 
hypothesis. 
Asymptotic significances are displayed. The significance level is ,05. 
1
Exact significance is displayed for this test. 
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11.6.4 Nonparametric Test of the Error Rate 
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11.6.5 Nonparametric Tests of the Total Picking Time 
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11.6.6 Nonparametric Test of the Pearson Value of the Picking Rounds 
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11.6.7 Single Factor ANOVA of the Pearson Value and Previous Picking 
Experience 
 
Scan 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  without Experience 14 -5,153 -0,368 0,018 
  with Experience 6 -1,398 -0,233 0,132 
  
       
       ANOVA 
      
Source of Variation SS df MS F 
P-
value F crit 
Between Groups 0,077 1 0,077 1,551 0,229 4,414 
Within Groups 0,891 18 0,049 
   
       Total 0,967 19         
 
 
Voice 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  
without Experience 14 
-
3,847 -0,275 0,015 
  
with Experience 6 
-
1,812 -0,302 0,021 
  
       
       ANOVA 
      
Source of Variation SS df MS F 
P-
value F crit 
Between Groups 0,003 1 0,003 0,186 0,671 4,414 
Within Groups 0,302 18 0,017 
   
       Total 0,305 19         
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HMD 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  
without Experience 14 
-
0,625 -0,045 0,027 
  
with Experience 6 
-
1,018 -0,170 0,041 
  
       
       ANOVA 
      
Source of Variation SS df MS F 
P-
value F crit 
Between Groups 0,066 1 0,066 2,098 0,165 4,414 
Within Groups 0,564 18 0,031 
   
       Total 0,629 19         
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11.6.8 Single Factor ANOVA of the Total Picking Time and Previous Picking 
Experience 
 
Scan 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  without Experience 14 358,667 25,619 8,296 
  with Experience 6 152,674 25,446 11,182 
  
       
       ANOVA 
      
Source of Variation SS df MS F 
P-
value F crit 
Between Groups 0,126 1 0,126 0,014 0,907 4,414 
Within Groups 163,766 18 9,098 
   
       Total 163,892 19         
 
 
 
Voice 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  without Experience 14 319,571 22,826 3,936 
  with Experience 6 143,989 23,998 3,868 
  
       
       ANOVA 
      
Source of Variation SS df MS F 
P-
value F crit 
Between Groups 5,766 1 5,766 1,472 0,241 4,414 
Within Groups 70,503 18 3,917 
   
       Total 76,269 19         
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HMD 
      Anova: Single Factor 
      
       SUMMARY 
      Groups Count Sum Average Variance 
  without Experience 14 239,946 17,139 2,883 
  with Experience 6 107,885 17,981 16,789 
  
       
       ANOVA 
      
Source of Variation SS df MS F 
P-
value F crit 
Between Groups 2,976 1 2,976 0,441 0,515 4,414 
Within Groups 121,416 18 6,745 
   
       Total 124,392 19         
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11.7 Presentation of Research Approach and Results to the Initial Interviewees 
 
 
Appendices 
 
 
 
 
 
- 415 - 
 
 
Appendices 
 
 
 
 
 
- 416 - 
 
 
 
Appendices 
 
 
 
 
 
- 417 - 
 
 
Appendices 
 
 
 
 
 
- 418 - 
 
 
Appendices 
 
 
 
 
 
- 419 - 
 
 
 
Appendices 
 
 
 
 
 
- 420 - 
 
 
 
Appendices 
 
 
 
 
 
- 421 - 
 
 
 
Appendices 
 
 
 
 
 
- 422 - 
 
 
Appendices 
 
 
 
 
 
- 423 - 
 
 
 
Appendices 
 
 
 
 
 
- 424 - 
 
 
Appendices 
 
 
 
 
 
- 425 - 
 
 
Appendices 
 
 
 
 
 
- 426 - 
 
 
Appendices 
 
 
 
 
 
- 427 - 
 
 
Appendices 
 
 
 
 
 
- 428 - 
 
 
Appendices 
 
 
 
 
 
- 429 - 
 
 
Appendices 
 
 
 
 
 
- 430 - 
 
 
  
Appendices 
 
 
 
 
 
- 431 - 
11.8 Publications 
 
 
Text has been removed due to Copyright restrictions. 
 
 
 
 
 
 
 
